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hegg LOW-VOLTAGE 


POWER UNIT 


This low-voltage power unit has been de- 
signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
cient source of low voltage A.C. /D.C. power 
for experimental purposes in science labora- 
tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 
the unit ‘dead’ and quite safe to handle. 
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ACTH: A Warning 


WorK on cortisone and ACTH, the adrenal-activating 
substance of the pituitary gland, continues to attract much 
_ notice in both medical and lay journals—so much so that 
' research workers concerned with these substances are 
getting very anxious about the inflated claims that have 
been made and the undue optimism that has been aroused. 

Following the discovery of the striking effects of both 
ACTH and cortisone in rheumatic conditions, widespread 
therapeutic trials have been undertaken, some of them with 
preparations of doubtful activity. /f is still far too early to 
assess the real results of these tests. In some kinds of 
allergy, such as asthma, in acute gout, and in diseases such 
as tuberculosis and pneumonia, ACTH may produce 
striking changes in the patient’s condition, but these are 
almost always short-lived, and since the substance cannot 
safely be given for long periods its useful properties as an 
aid to other forms of treatment require very careful study. 
In prolonged dosage it can cause permanent damage to the 
pancreas, with diabetes, and great enlargement of the 








adrenals, together with other dangerous side-effects. 
Many physiologists regard its general availability to doc- 


~ tors—still, so far as the modern, highly active preparations 


are concerned, fairly remote—with a good deal of appre- 
hension. 

More definite results have been obtained in studying the 
chemical nature of ACTH, that of cortisone being already 
known from the work of Kendall. By digesting the protein 
extract with agents which split its molecules into smaller 
parts, workers have isolated substances of low molecular 
weight, able to pass through a dialysing membrane, but 
retaining the physiological activity of the original extract. 
Work is in progress to isolate the smallest possible mole- 
cule which is active in this way, and this appears to be a 
relatively simple peptide, made up of a number of amino- 
acids arranged chain-wise. By further digestion and separa- 
tion of the individual amino-acids by chromatography, the 
structure of the active unit may be established, and the way 
opened to attempts at synthesis and comparison with 
closely similar chemical structures. Some of these near- 
neighbours might well have interesting etfects and might 
provide valuatle research tools. 


The Progress 


of Science 


In this field, which is being watched with intense interest 
by biochemists, a race between research teams is in progress, 
and final results may be anticipated soon. Prof. C. H. Li 
and Drs. Brink, Meissinger and Folkers in America, and 
Dr. and Mrs. Morris at the London Hospital, have all 
recently published papers on the identity of various frac- 
tions possessing activity far higher——several hundred times 
higher—than the original ACTH preparation from which 
they were derived. 

Whatever the outcome of the present researches, which 
are moving too fast at the moment for accurate assessment, 
it seems clear that in ACTH we shall ultimately have a 
research tool of great importance, and a possibly valuable, 
if dangerously active, therapeutic agent; the whole study is 
clearly one of the most important now going on. 


Blaise Pascal 


THE Blaise Pascai exhibition now being held at the Pala.s 
de la Découverte in Paris focuses attention on one of the 
scientific geniuses of France who is less well known in 
Britain than he deserves to be. He was one of the world’s 
great philosophers—indeed, to many he is known exclu- 
sively as such; he was also a great writer, and the style of his 
philosophical writings, characterised by its strength and 
simplicity, set a pattern for French literature which has 
stood the test of three centuries. Finally, he was one of the 
great scientists of the seventeenth century, and it is with 
Pascal the scientist that we are concerned here. 

Blaise Pascal was born in 1623 at Clermont-Ferrand, the 
son of a well-to-do family. His father, Etienne, was an 
important government official in central France; his 
mother, the daughter of a prominent merchant of Clermont, 
died when her son was three. There were two other children, 
both girls; the elder, Gilberte, is known to posterity as the 
biographer of her brother. 

Etienne Pascal was a highly cultured man with a decided 
bent for mathematics, a great faith in experimental science 
and a keen enthusiasm for Bacon’s Novum Organum. A 
few years after the death of his wife, he sold his office and 
moved with his young family to Paris, to devote himself 
entirely to the education of his children. At first he deliber- 
ately excluded mathematics from his son’s curriculum so 
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that Blaise should concentrate on classics. But Blaise, 
pondering alone in his playroom, discovered for himself, at 
the age of twelve, some of the propositions of Euclid and 
was actually surprised by his father while in the act of 
demonstrating the thirty-second proposition of Euclid— 
the sum of the angles of a triangle is equal to two right 
angles. After this there was no longer any question of 
denying the boy mathematical tuition. The father associ- 
ated with the great scientists of the day and was a member 
of the Académie livre, which met once a week to discuss 
scientific matters and which was destined to become the 
Academie des Sciences thirty-five years later. To these 
meetings he introduced iis thirteen-year-old son, who if we 
are to believe his sister, not only discussed complex prob- 
lems with the great scientists of the day, but quite often 
put them in the wrong. 

In 1640, when he was still only sixteen years old, Blaise 
wrote a treatise on conic sections, in which he outstripped 
the mathematical knowledge of his century. This Essay 
pour des coniques has been preserved, though Pascal’s 
later writings on conics have completely disappeared and 
all we know of them comes from the notes of the great 
Leibniz, who ten years after Pascal’s death gained access 
to the original manuscripts and paid tribute to their genius. 

In the year in which this essay was written Blaise’s father 
was appointed /ntendant (Royal Commissioner) in Nor- 
mandy, and the family moved to Rouen. One of the main 
tasks of Intendants was the collection of taxes, which in- 





The reconstruction at the Palaise de la Découverte of 
Pascal's water barometer, standing at a height 13-6 times 
that of the mercury varometric column alongside. 
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volved endless calculations. As Blaise was _ inevitably 
called upon to help his father in this task, he visualised the 
idea of letting a machine do the work. This was the origin 
of the first modern calculating machine, which he conceived 
at the age of twenty and which took him three years to 
construct. With the aid of mechanics he made altogether 
some fifty machines, ten of which are still in existence. The 
model preserved at the Paris Conservatoire des Arts et 
Meétiers is a brass box, 14* 5 3 in., with a row of eight 
movable dials. It performs additions, subtractions, multi- 
plications and divisions. 

But mechanical devices, however useful, could not 
occupy Pascal’s mind for long. About 1646, while still at 
Rouen, he heard of the famous experiment of Torricelli 
(performed in 1644) and turned his attention to physics, 
particularly to the study of the vacuum. In the course of 
this work he devised the first pneumatic machine, which 
was known for a long time as the “syringe of M. Pascal”. 
It was on his instructions, after his return to Paris, that his 
brother-in-law, Florin Périer, performed the famous 
experiment of the Puy-de-Dome in 1648. This was simply 
the repetition of Torricelli’s experiment simultaneously at 
different altitudes. By showing that the height of the 
mercury in the tube diminished as the altitude increased, 
it finally disposed of the idea that nature abhors a vacuum 
and proved beyond any doubt that it is the pressure of 
the air which causes the suspension of the mercury. Thus 
Pascal virtually created the barometer, at the same time 
indicating how it could be used to measure altitude. 

Realising that air was comparable to a liquid in its 
behaviour, he soon extended his studies to the equilibrium 
of liquids. The results of these investigations were only 
found after his death, in the form of two treatises, one on 
the equilibrium of liquids, the other on the weight of air. 
In the first he enunciated the law, that pressure applied to 
the surface of a liquid is transmitted equally and undimin- 
ished to all other parts of the liquid; by the same token he 
first clearly enunciated the principle of the hydraulic press, 
of which he gave a detailed description. 

But Pascal soon abandoned physics, to return once more 
to mathematics. A chance remark made to him by one of 
his titled friends, the Chevalier de Méré, on gambling 
hazards set him working on the calculation of probabilities. 
In the course of these studies he got in touch with Fermat, 
a Toulouse magistrate who was also one of the great 
mathematicians of the century, and the correspondence 
which ensued gave birth to Pascal's Treatise on the 
Arithmetical Triangle. It is rather surprising that the 
discovery of the arithmetical triangle did not lead such a 
great mind as Pascal’s to the greater discovery of Newton's 
binomial theorem of which it is a particular case. But then, 
Pascal never took his scientific work very seriously, con- 
sidering philosophy as far more important. 

Moreover, in the very midst of this work he underwent 
his celebrated conversion to religious mysticism, and 
thenceforward abandoned all his scientific pursuits. In the 
eight remaining years of his life he made only one very 
brief return to science: one night, in the spring of 1658, he 
suffered agonies of a particularly violent toothache, and 
killed it by meditating on the problem of the cycloid. 
During that night he found solutions which had been sought 
in vain by Galileo, Descartes and Fermat. In the succeed- 
ing year he published a series of studies on the cycloid, 4 
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work which entitles him to a high place among mathe- 
maticians. Leibniz acknowledged that it was this work 
which led him to his invention of the method of dif- 
ferential and integral calculus. ‘“‘Nothing astonished me so 
much,”” he commented, ‘“‘as the fact that Pascal seemed to 
have his eyes obscured by some evil fate’’ not to have hit 
upon it himself. 

But an even more evil fate was his lot throughout his 
lifetime. From his earliest years he suffered from very bad 
health and endured long periods of physical torture. 
Nearly all his work, scientific as well as philosophical, was 
carried out in the short intervals between one attack and 
another—which makes his achievements all the more 
remarkable. He died in 1662, at the early age of thirty- 
nine, from what was probably some form of tuberculosis. 

Pascal was an even greater religious thinker than he was 
a scientist; yet there was never any conflict in his mind 
between science and religion. To him, the one was 
governed by reason, the other by authority, and the boun- 
daries of the two realms met nowhere. 


Underground Gasification in Britain 


THE dream of the Scottish chemist Ramsay that coal might 
be gasified in the ground has at last been fulfilled in Britain 
—on May 22 to be exact. 

First put forward by Siemens in the Transactions of the 
Chemical Society in 1868, the idea of underground gasi- 
fication was revived by the Russian chemist Mendeléef in 
1888, and (more cogently) by Ramsay in 1912. Preparations 
for an experiment in 1913-14 in this country had to be 
abandoned on the outbreak of war. Between the wars the 
Russians were the first to start field experiments, and they 
had one large-scale installation working by 1935. 

The British experiment which is now proceeding is 
located at an open-cast site at Newman Spinney near 
Sheffield. Here a system has been constructed consisting 
of a horizontal channel 4 in. in diameter through a coal 
seam, linked to the surface by two vertical channels 50 ft. 
apart. This type of underground gasification is called the 
stream or flow method. The seam was set on fire by means 
of a’bundle of thermite bombs which were lowered into 
position and electrically ignited. The first attempt— 
graced by the presence of the Parliamentary Secretary to 
the Ministry of Fuel, other notable visitors and a horde of 
news- and camera-men—unfortunately failed, mainly due 
to water in the seam. On the second attempt the coal 
caught fire, and the fire was successfully maintained by 
fanning the fire with a current of air from a blower fan 
at the rate of 4000 cu. ft. per hour. 

The stream method is not the only system of under- 
ground gasification, but it is the one chosen to demonstrate 
by the most expeditious method that gas could be made 
underground in British conditions and to give the experi- 
menters some practical experience in the problems of 
control. Alongside these field trials, laboratory tests have 
been carried out at the Fuel Research Station where 
miniature gasification systems have been produced simply 
by drilling channels in large blocks of coal. 

So-called percolation methods—otherwise known as 
filtration methods—are also due to be tried out at New- 
man Spinney. Here vertical channels only are bored into 
the coal seam at distances of 20 to 40 yds. from each other. 
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Method of underground gasification; (a) Stream Method. 
(b) Percolation (or Filtration) Method. In (a) are shown 
two shafts, driven down through the nearly vertical seams, 
and connected by a horizontal gallery; the coal is ignited 
and combustion maintained by blowing compressed air 
down one shaft, the gas being brought up to the surface by 
the second shaft; in this way the fire burns progressively 
upwards along the seam to the surface. 
In (b) the bore holes are arranged in concentric rings. 
The holes are 20 to 40 yards apart. The other figure shows 
how the initial burning of the coal is promoted; air passes 
down the central pipe, gas is brought up in the annular 
space between this pipe and the main shaft; ‘galleries’ to 
connect hole A with holes B,—B, are produced by burning 
the coal at the bottom of all seven bore holes; the cavities 
so burnt out enlarge until eventually they connect up with 
each other. The next stage (the centre pipe having been 
removed from each shaft) is to pump air down the central 
bore hole; the gas is withdrawn from the bore holes of the 
first ring. Burning also proceeds along cracks in the seam, 
and this leads to the interconnection of the primary cigar- 
shaped zones—the radii AB,, AB, and so on—so that little 
coal remains by the time gasification of the first section 
of the coal field is stopped. The next section is exploited 
by pumping air down the ring of borings and tapping the 
gas from the second. So the field is explored, ring by ring. 


Each borehole is lined with a metal tube and inside this is 
another metal tube. Coal in one of these bore holes is 
ignited, oxygen is led down the inner pipe and the gases are 
drawn off from the ring-space between the pipes. Pres- 
sure in the bore hole is then increased until the gases 
from this bore hole are forced through fissures in the coal 
into an adjoining bore hole. As will be seen from the 
diagram this technique makes it unnecessary to bore a 
horizontal channel to connect the vertical shafts. 

The quality of the gas obtained using a continuous air 
blast is very low, ranging between 40 and 120 British 
Thermal Units per cu. ft—compared with a calorific value 
for ordinary coal gas of 530. (The gas could be enriched 
by using oxygen instead of air, thus eliminating the 
diluent nitrogen which is blown through with air). 

All of the. experiments reported have given calorific 
figures of the same order. They include work on an indus- 
trial scale at Gorlovka in the Soviet Union, large-scaic 
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experiments at Gorgas in the U.S.A. and work on lignites 
in Valdarno in Italy. Belgian experiments near Liege have 
been carried out on a co-operative basis with the French 
and the Poles; there has also been further work by the 
French at Djerada in Morocco. 

Farthest advanced of all the workers, in underground 
gasification are undoubtedly the Russians who have 
operated these ‘underground gasworks’ in the Donetz, 
Moscow and Kouznetzk coal basins and are reported to 
have a number of large installations in production. 

Here in Britain, it has so far been proposed to apply the 
gas only for electricity generation by using it to drive a 
specially designed gas turbine. 

In conclusion, it should be pointed out that even if the 
experiments are successful and underground gasification 
adopted for suitable cases, it can only be supplementary 
to, and cannot replace, ordinary deep coal mining. 


REFERENCES 
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Threnody for Red Petrol 


THE passing of red petrol will be mourned by many lovers 
of quiet ‘technical’ fun. A long time ago this journal tried 
to issue a mild warning to the authorities about the danger 
of basing identity tests for red petrol on a chemical reac- 
tion which was not specific for one of the chemical sub- 
stances used to label red petrol; that chemical was diphenyl- 
amine but the test used to detect it was only a general 
one for amines. Our hint was taken only partially by a 
number of people accused of wrongly using red petrol. 
Their counsel put a chemist in the witness box and asked 
him if the tests used would detect exclusively the presence 
of diphenylamine. The answer was, of course, “No.” 
But it was not followed up by the inquiry whether the 
expert witness was aware that another amine, metapheny- 
lenediamine, is added to petrol as a gum inhibitor; and 
whether this would not also give the same reaction. Official 
alarm over this weak point in the regulations led to the 
passing of an amending order. 

The presence of a red coloration also proved unsatis- 
factory ground for prosecution. One of the bright defences 
was the plea that certain upper cylinder lubricants regularly 
added to petrol are dyed red. 

In these circumstances, it was surprising that no prose- 
cution appears ever to have been based on the detection 
of the presence of the third ‘secret’ ingredient of red petrol. 
It was known very early on, and very widely, that the 
third additive was furfural, a chemical derived from the 
pentosans in oat hulls. There are many pretty reactions for 
detecting the category of chemicals called aldehydes to 
which furfural belongs, and a way round such tests might 
have been difficult. 

In actual fact it was a quite simple matter to design a 
process to remove all three tell-tale chemicals from red 
petrol. One did not need to be a chemical engineer to find 
how to take out the red colour; the diphenylamine could 
be removed by washing with weak acid, and the furfural 
could be treated with bisulphite. But no doubt the forward 
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march of science will produce a more cunning way of 
labelling petrol should this ever have to be done again, 
One suggestion for the Ministry of Fuel to file is radio- 
active isotopes and a police issue of Geiger counters. 


The National Institute of Oceanography 


THE foundation of a National Institute of Oceanography 
was recommended in 1944 by the Oceanography Sub- 
committee of the National Committee for Geodesy and 
Geophysics appointed by the Royal Society. It was 
recommended that the Institute should be concerned 
primarily with researches of a physical character because 
the biological aspects of oceanography were adequately 
dealt with by a number of existing authorities such as the 
Marine Biological Laboratories at Plymouth and Millport, 
the Fisheries Laboratories at Lowestoft and Aberdeen, 
and the Discovery Investigations. Most of the university 
zoology departments give much attention to marine biology 
because the sea offers unique opportunities for studying the 
simplest forms of life. No such reason compels the mathe- 
matician, physicist or chemist to study the oceans, and 
although the task of finding how the basic laws of these 
sciences govern the distribution of physical and chemical 
properties and water movements possesses sufficient 
interest and applications to attract academic workers, 
there has been a lack of the facilities needed to make the 
necessary measurements. These measurements must be 
made at sea and sooner or later the work needs the services 
of a specially equipped ocean-going research ship. Such 
facilities as have been available have been devoted to 
biological research associated with the fisheries, and be- 
cause of their primary application to this work they could 
not be used for detailed research on the physical processes 
in the sea. 

As a result, our knowledge of marine physics remains 
fragmentary in spite of a long tradition. Boyle wrote an 
account of the saltness of the sea and arranged for samples 
to be collected in different parts of the world, Captain 
Cook and others measured deep sea temperatures in the 
eighteenth century, and Sir James Rennell wrote an authori- 
tative work on the currents of the Atlantic Ocean in the 
early nineteenth century. It is difficult to draw a sharp 
distinction between the organised studies of today and the 
observations on tides, currents and marine animals made 
by the early navigators and surveyors, but the world voyage 
of scientific exploration by H.M.S. Challenger in 1873 
to 1876 is usually regarded as the beginning of systematic 
studies. The Challenger expedition, like the earlier scien- 
tific cruises of H.M. ships Lightning, Porcupine and Water- 
witch, which led up to it, was arranged by the Admiralty 
at the instance of the Royal Society. Marine research in 
this country during the twentieth century has been closely 
associated with the fisheries, but a fairly satisfactory 
picture of the large and small-scale water movements 
round our coasts has been obtained, and the Discovery 
Investigations have achieved the same result in the 
Southern Ocean. The information is largely qualitative and 
a good deal of basic research is needed before the effects 
of the physical processes can be related quantitatively to 
the differences in climate and prevailing winds and other 
factors which influence them. 

Because of the work done at the Liverpool Tidal 
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A 2:9 metre diameter gauze used in a low-pressure ammonia burner. 
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The gauze is made of an alloy containing 5” , 


rhodium and SS°., platinum. (Courtesy of Johnson, Matthey & Co. Ltd.) 


Observatory and Liverpool University, and by mathe- 
maticians elsewhere, this country is well to the front in 
research on tides, but in other branches of marine physics 
we Owe a great deal to other countries, particularly the 
Scandinavian countries, Germany and the U.S.A. In the 
past few years the work has received a new impetus from 
the demand for accurate information for naval and amphi- 
bious operations, and an oceanographical group composed 
of members of the Royal Naval Scientific Service was set 
up to undertake the necessary research. Up to the present 
the group has been concerned chiefly with the study of 
waves and swell and their effects on coasts, but the 
work is leading to a fuller investigation of all the effects of 
wind on the sea, and apparatus and methods have been 
developed for wider studies. 

About two years ago the Advisory Council on Scientific 
Policy recommended in its first annual report that oceano- 
graphical research should be furthered from public funds 
under the Ministerial Authority of the First Lord of the 
Admiralty. With some modifications the recommendations 
are now being put into effect and a National Institute has 
been set up, its scientific staff being recruited from the 
oceanographical group of the Royal Naval Scientific 


Service and the staff of the Discovery Investigations. It 
will be incorporated under Royal Charter and governed 
by a Council under the chairmanship of the Civil Lord of 
the Admiralty with members nominated by interested 
Government departments, the learned societies, the uni- 
versities, and such Commonwealth countries as contribute 
to the expenses of the Institute. 

The headquarters of the Institute is temporarily at the 
Admiralty at 137 Queen Anne’s Mansions, London, 
S.W.1. Its permanent location has not yet been settled. 


Noble Metals as Catalysts 


THE days when noble metals in massive form found a place 
in chemical industry have passed. The platinum beakers 
for concentrating sulphuric acid and the stills for pure 
water in the same metal were sold up thirty or forty years 
ago. But the noble metals have found new uses, mainly 
because of those properties which gave them their old value. 
Their resistance to high temperatures, oxidation and corro- 
sive attack are fundamental to the modern uses they find in 
chemical industry. These uses are mainly connected with 
their catalytic action. The interest in modern physics has 
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largely displaced the hold which catalysts used to have on 
popular imagination, but in the chemical industry they 
remain as vital as ever for promoting many chemical 
reactions which are difficult or impossible without them. 
The chief ones are oxidation and hydrogenation. 

Oxidation is a reaction which naturally gives out heat, 
that is it is exothermic. The production of nitric acid from 
ammonia, for example, involves the burning of ammonia in 
a controlled manner to nitric oxide, according to the 
following equation: 


4NH, + 50,=4NO+6H,0 
The oxygen is supplied by air which with about 10% of its 


volume of ammonia is passed through layers of finely 
woven platinum gauze to catalyse this reaction. For every 
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Vertical section through an ammonia burner showing posit- 

tion of circular catalvst pad. The mixture of ammonia and 

air enters at the top into stainless steel cone. Oxidation 

occurs in the catalyst. The bottom cone is protected by 

red-hot gases. The gas mixture of nitric oxide, water 

vapour and nitrogen passes on, and is cooled and absorbed 
in water. (Courtesy. 1.C.1. Ltd.) 
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1 % of ammonia reacting the gas mixture heats up by about 
65°C. In a modern plant where the oxidation is carried 
out under pressure, the gases which enter at 250°C. there- 
fore leave the catalyst chamber at 900°C. A metal such as 
platinum can withstand this temperature continuously for 
weeks on end without much deterioration but it has been 
found possible to reduce this to a great extent by alloying 
the platinum with 10% of rhodium. The plants using this 
catalyst make it up as a circular pad 18 inches in diameter, 
or as a hexagonal pad (to avoid waste in cutting). Such 
pads are easy to handle when they must be removed after 
several weeks operation and cleaned up in boiling nitric 
acid. As acontrast is the German type of gauze over 6 feet 
in diameter for use in their plants working at atmospheric 
pressure and lower temperatures. The difficulty of hand- 
ling these large gauzes was compensated by the reduction 
in rhodium content to 5% which the lower temperatures 
made possible. 

Platinum used also to be widely used in the contact pro- 
cess of making sulphuric acid for oxidising sulphur dioxide 
to sulphur trioxide. For this purpose platinum has now been 
displaced by vanadium pentoxide catalyst, which is much 
cheaper. The other main catalytic use of platinum is for 
hydrogenation in the liquid phase, for which the metal is 
prepared in a finely divided condition, usually with a 


supporting base of pumice or charcoal. The advantage of 


platinum and also of palladium in this application is the 
way they facilitate the use of lower reaction temperatures 
and pressures, which may be very important where a 
sensitive organic material can be reduced without the 
decomposition high temperatures would involve. 

Over the last twenty years a large-scale organic chemical 
industry in aldehydes has developed. Among the more 
important of these are acetaldehyde and formaldehyde 
deriving from ethyl and methyl alcohols by oxidation. The 
text-books hardly mention catalysis as the mode of pre- 
paration of these compounds but their industrial produc- 
tion depends on this technique. Acetaldehyde was origin- 
ally made in quantity by the dehydrogenation of ethy! 
alcohol with copper catalyst. This catalyst requires frequent 
regeneration by oxidation and the dehydrogenation reac- 
tion is expensive as a large endothermic heat of reaction 
must be applied at a temperature of 300°C which is not 
easy in practice. The use of silver at 600°C, either in the 
form of gauze or a shallow bed of crystals, has revolution- 
ised the process. It is made self-sufficient in respect of 
heat by balancing the loss due to dehydrogenation with the 
heat of carefully controlled oxidation. A mixture of 
alcohol, steam and air passed over the catalyst gives the 
desired result. 

All these processes depend, not only on the catalysts, but 
on the advances made in materials for constructing plant 
to withstand high temperatures and the chemical engin- 
eering design of heat exchange apparatus to recover the 
large amount of heat in the gases leaving the catalyst 
chamber. Any process which can possibly be carried out 
catalytically can now start from a broadly based experience. 
If it needs some variation on the noble metals already in 
use, the refiner of precious metals is ready to put forward 
other materials such as ruthenium, osmium and iridium 
which are for the moment curiosities as rhodium was a 
short time ago. 
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Fic. | (left). —Three-stage magnetic electron microscope (Type EM3). 







































































( Metropolitan- Vickers.) 


FiG. 2 (right).—Image formation in optical microscope compared with image formation in electron 
microscope with two stages of magnification. (After Cosslett, Electron Optics.) 


The Electron Microscope and its Uses 





V. E. COSSLETT, Ph.D. 


As soon as it was shown that electrons displayed some of 
the characteristic properties of waves, it was realised that 
an electron microscope might be constructed on lines similar 
to the light microscope, which uses glass lenses to focus the 
waves of visible light. It was already known that electrons 
could be caused to travel along desired paths by suitably 
shaped electric and magnetic fields, in other words, that 
electron lenses could be made. It was then a matter of 
technical development to find the best construction for the 
lenses and for their assembly intS a complete microscope. 
The aim was to observe even smaller details than those 
revealed by the best light microscope, i.e. to give higher 
resolving power. As the equivalent wavelength of electrons 
is some 100,000 times shorter than that of visible light, a 
corresponding improvement in resolving power was to be 
expected. 

As it is some time since an account of the subject ap- 
peared in this journal,* a short review of the essential 

* Cosslett. Discovery. 1943, Vol. 4, 311. 


features of the electron microscope is in place, especially 
as some important advances in design have since been made. 
In principle, the main features are similar to those of a 
light microscope, which comprises two stages of magnifica- 
cation (Fig. 2) and employs three lenses. The first lens L 
is termed the condenser, as it ‘condenses’, or concentrates 
on to the object O, the illumination coming from the light 
source S. If O is placed just outside the focus of the next 
lens, the objective L,, a greatly enlarged image is formed 
beyond it at I,; this first stage magnification may range 
from 20-100 times, according to the power of the lens 
selected for L,. A second lens L, is then used to enlarge the 
first image still further, say 5-15 times. It is usually 
arranged for direct viewing, and so is called the eyepiece or 
ocular. For photography or projection on a screen, it Is 
pulled out slightly and in this position is spoken of as a 
projector lens. The overall magnification at maximum Is 
thus about 1500 times. Still higher values could readily be 
obtained, by using stronger lenses, or a longer microscope, 




















Fig. 3 (above).—Three-stage mag- 
netic microscope, desk type. 
(Philips Eindhoven.) 


Fig. 4.—Three-stage electrostatic 
microscope. (Compagnie Generale 
de TSF, Paris.) 














DISCC 


but wc 
detail : 
the illu 
smalle: 
light si 
of vie\ 
light s] 
| 1000 
the sm 
scope | 
only b 
With t 
about 
conver 
the un 
1000A 
idea oO} 
spheric 
micror 
but ne 
micros 
atoms, 
millior 

The 
less, a 
electro 
micros 
would 
betwee 
such a 
animal 
and tis 
electro 
ties as 
resolvi 
and w 
attenti 
of an « 
cause | 


Cons 


The 
The ill 
V-shar 
trons \ 
the vol 
the be 
tion is 
a bias 
cathoc 
magni: 
L,; th 
100, sc 
is thre 
televis 
Electr« 
amour 
local t 
corres} 
image. 
than ir 
to brir 








stage mag- 
lesk = type. 


on.) 


lectrostatic 
i¢ Generale 




















DISCOVERY August, 1950 


but would reveal no finer details in the image. Fineness of 
detail is determined, in a perfect lens, by the wavelength of 
the illumination employed. In general terms, object details 
smaller than half a wavelength will not disturb the waves of 
light sufficiently to make a detectable difference in the field 
of view presented to the eye. The wavelength of visible 
light spreads over the range 0-4 to 0-6 micron (1 micron= 
1 1000 millimetre), which is about 1 /50,000 inch. Hence 
the smallest objects detectable by the ordinary light micro- 
scope are about 0-2 micron in size; their exact shape can 
only be seen if they are several times bigger than this limit. 
With the shorter ultra-violet light, the limit is extended to 
about 0-1 micron. For later reference it is convenient to 
convert this into the scale of atomic measurements, where 
the unit is the Angstrom Unit (A). Then 0:1 micron is 
1000A, compared with the atomic radius of 1 to 2A. An 
idea of the scale of sizes is given in Fig. 13, which shows 
spherical particles of polystyrene. Their diameter (0-25 
micron) is on the resolution limit of the optical microscope, 
but near the lower limit of usefulness of the electron 
microscope; yet it is equivalent to the width of some 1000 
atoms, so that each sphere contains about one thousand 
million atoms. 

The equivalent wavelength of electrons is around 0-1A or 
less, at the accelerating voltages usually used to form an 
electron beam. Hence we should expect from the electron 
microscope an ultimate resolution of similar size; this 
would enable us to observe all those details of matter lying 
between the individual atom and organised biological units 
such as cells; simple and complex molecules, plant and 
animal viruses, colloidal particles, the fine structure of cells 
and tissues. Although we do not yet know how to make 
electron lenses anything like so perfect in focusing proper- 
ties as modern light lenses, it is already possible to obtain 
resolving powers below 20A from favourable specimens 
and with the best instruments. It follows that careful 
attention has to be given, in the design and construction 
of an electron microscope, to all those factors which may 
cause deterioration of the image. 


Construction 


The main features of the instrument are shown in Fig. 2. 
The illuminating source is a cathode C, in the form of a 
V-shaped tungsten filament which emits a stream of elec- 
trons when white hot. These are drawn into a fine beam by 
the voltage applied to the anode A, through a hole in which 
the beam passes to the condenser lens L,. The illumina- 
tion is controlled by varying the strength of L¢., or that of 
a bias voltage applied to a shield (or ‘grid’) around the 
cathode. The object O, thus illuminated with electrons, is 
magnified by the objective lens L, and the projector lens 
L,; the magnification in each stage is now of the order of 
100, so that the total is 10,000 or more. The electron image 
is thrown on a fluorescent screen, similar to that of a 
television tube, and thus rendered visible to the eye. 
Electrons are lost from the original beam according to the 
amount of matter in each point of the object, i.e. to its 
local thickness and the size of the atoms present, and a 
corresponding variation of intensity occurs in the final 
image. As the resolving power is now so much greater 
than inthe light microscope, a higher magnification is needed 
to bring the finest detail up to a size which is visible to the 


24/7 
eye. In the most recent instruments magnifications up to 
60,000 times or more are provided, though it is more usual! 
to operate at 10,000 or 20,000 and to use an enlarging lens 
to view the screen when focusing. 

The construction of the essential electron lenses, of 
magnetic type, is shown in Fig. 5. The current flowing in a 
coil L of many turns produces a strong magnetic field, 
which is guided by the iron jacket Fe so that is concen- 
trated into a small space at the axis, between the pole- 
pieces A,, Ao. The magnetic field so formed acts as a lens 
on electrons in essentially the same way as a glass lens 
focuses light. The electrons coming from a point p are 
focused into an ‘image’ at a point b; the main difference 
from ordinary optics is that the image is rotated about the 
axis, as well as enlarged. A great advantage of the magnetic 
lens is at once apparent: its strength can be varied continu- 
ously, by changing the current passing through the coil. 
In the light microscope, focusing is carried out by moving 
the lens to and from the object, and change of magnifica- 
tion by using different lenses. In the electron microscope 
these changes may be made by controlling the lens currents 
with simple resistances, without changing lenses or moving 
them. 

On the other hand, the lenses so far devised all suffer 
from severe aberrations, so that the image is distorted in 
various respects as compared with the object, and no ade- 
quate means of correction have yet been proposed. The 
resolving power is thus much poorer than expected, and 
can only be kept high by using a very small part of the lens 
(an aperture of about 1/1000), to limit the aberrations. As 
a result, the lining up of the various lenses becomes of the 
greatest importance, so that all the apertures lie on the 
optic axis. Similarly, it is essential to keep the focal length 
of the lenses absolutely constant, since images of different 
size occur for different beam voltages and lens strengths, 
leading to confusion of detail. So considerable electronic 
complication is needed to ensure that the anode is supplied 
with a voltage, and the lenses with current, constant to 
| part in 10,000 or so. This is one reason for the complexity 
and cost of electron microscopes. The use of electrostatic 
lenses leads to some simplification, but their construction 
is more exacting and their operation attended by difficulties 
which are absent from magnetic lenses. Both types of 
instrument require that the interior be highly evacuated, in 
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Fic. 5.—Action of the magnetic field on electrons, in 
the type of lens used in an electron microscope. 
(Philips Technical Review.) 











FIG. 6. 
removal of collodion supporting film from surface of water, and addition of suspen- 
sion to prepared films. (Radio Corporation of America.) 


order to prevent dispersal of the electron beam through 
scattering by air molecules, which would make it impos- 
sible to form a clear image. High vacuum pumps have to 
operate continuously to keep an adequate vacuum. This is 
an added cause of high cost and operating difficulties. It 
also means that only dried specimens can be examined, 
and that air must be admitted to at least part of the instru- 
ment whenever a new one is to be observed. 


Modern Instruments 


The appearance of the finished electron microscope is 
thus very different from that of the light microscope, 
since the lenses are of entirely different type, and the 
illumination is transmissible only in a vacuum. A massive 
metal column is the main feature, a large size being 
necessitated by the high magnification, and thus relatively 
large image distance, that it required. The most frequent 
construction has been of vertical form, of which the Metro- 
politan-Vickers EM 3 model is a good example (Fig. 1). 
The viewing window is at table level, and the numerous 
switches and controls are disposed about the table, with 
meters on a raised panel at its back. Photographs are 
taken by lifting the viewing screen, and exposing a plate 
below it, which is inserted and removed through a trap in 
front of the column. Exposure times are of the order of 
| second. A corresponding electrostatic microscope is 
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FiG. 7.—Metal-shadowing method: metal atoms, 


arriving obliquely, form a thick layer on the near side 
of projections and leave a clear space (‘shadow’) 
behind them. 
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These pictures of techniques of handling microscopic specimens show 
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shown in Fig. 4, as constructed by the Compagnie Generale 
de T.S.F., Paris. An alternative lay-out is to place the 
column in a near-horizontal position, as in a television 
tube, and this is favoured by the Philips concern (Fig. 3), 
who now make a magnetic type. 

In all these instruments the major part of the electrical 
and vacuum equipment is housed within the cabinet on 
which the microscope is supported. It is also notable that 
they all contain three stages of magnification: an additional 
lens is placed between L, and L, (Fig. 2), to give two 
projection stages. This intermediate lens allows a wider 
range of magnification to be covered, as well as the column 
to be made shorter. The result is a compact instrument of 
great flexibility. The American makers (RCA) are follow- 
ing suit, and their latest model includes a small extra lens 
to cover the low magnification range. All these models are 
designed to give the highest performance, with a resolving 
power of about SOA in the best circumstances. Metro- 
politan-Vickers have lately exhibited a ‘utility’ model, 
with a horizontal column and incorporating several novel 
features (EM 4). It should give sufficient flexibility of 
operation and high enough resolving power for most 
routine and research investigations, whilst being much less 
costly than the standard instruments, and should thus 
greatly widen the range of application of the electron 
microscope. RCA now also announce a ‘table model 
(EMT), which makes use of permanent magnets and Is 
similarly compact, though of more limited performance. 

There are now probably something like 500 of the instru- 
ments in use throughout the world, mainly of the magnetic 
type. They are employed in all types of laboratories, but 
especially in metallurgical and biological work. New 
applications are continually being found, so that the output 
of work has expanded rapidly since the war. Specialist 
societies have been founded in Germany, Sweden and 
France, as well as in Britain and the United States, where 
they have existed since the middle of the war. International 
conferences have been held in Britain and Holland, in 
addition to the annual meetings of the Electron Microscope 
Society of America; the most ambitious Conference is 
being held in Paris in September next. The British Electron 
Microscopy Group have recently published a handbook 
on preparative methods, and have a 400-page bibliography 
of the subject in the press. With such a great amount of 
work being published, it is difficult to select items for a 
short article, so that the following must be regarded simply 
as giving an outline of some of the more important technical 
methods used and as indicating a few of the more intei- 
esting results obtained. 














DISC 
Spec 


Mo: 
are pl! 
down 
micros 
can be 
the px 
weak | 
by mc 
being | 
of a si 
and al 
depos! 
gated 
cellulo 
since t 
than ¢ 
One s« 
be pre 
materi 
films < 
used 1 
increas 
stream 
platinu 
film, a 
as it I 
specim 
grounc 
electro 
collect: 
Hence 
final in 
contra: 
simple 
in the 
range « 
tion n 
small d 
obtaine 
and 11 


Small 


A gr 
deposit 
At the | 
the ligt 
then be 
of the |. 
(Perane 
osmic a 
the whi 
Sheath | 

Bacte 
electror 
Show uy 
organis: 
solid m 
Much \ 
chemice 
Some o: 





COVERY 





e Generale 
nlace the 
television 

‘n (Fig. 3), 


> electrical 
~abinet on 
table that 
additional 
) give two 
IS a wider 
he column 
rument of 
ire follow- 
extra lens 
nodels are 
| resolving 
s. Metro- 
y model, 
eral novel 
xibility of 
for most 
much less 
ould thus 
> electron 
le model 
>ts and is 
rmance. 

the instru- 
» magnetic 
‘ories, but 
rk. New 
the output 
Specialist 
eden and 
tes, where 
=rnational 
olland, in 
licroscope 
ference IS 
1 Electron 
rnandbook 
liography 
mount of 
sms for a 
ed simply 
technical 
ore intei- 














DISCOVERY August, 1950 


Specimen Preparation 


Most biological specimens, such as bacteria and viruses, 
are prepared as suspensions and thus have to be dried 
down on a supporting film for insertion in the electron 
microscope. Films of cellulose compounds and of collodion 
can be made thin enough not to interfere appreciably with 
the passage of electrons (Fig. 6), but they are then so 
weak that they need mechanical support; this is provided 
by mounting them on metal gauze, the most usual form 
being eighth-inch grids of 200 meshes to the inch. A drop 
of a suspension in water or other liquid is placed on this 
and allowed to dry, so that the particles it contains are 
deposited on the grid. When the particles to be investi- 
gated are of size comparable to the thickness of the 
cellulose film they are difficult to observe in the image, 
since they cause no more disturbance to the electron beam 
than does the general background provided by the film. 
One solution is to use aluminium or beryllium, which can 
be prepared as intact films much thinner than cellulose 
materials, by evaporation in a vacuum; with great care, 
films as thin as 25A have been used. A more generally 
used method is that of ‘shadow-casting’, which greatly 
increases the contrast for small objects. In this case a 
stream of the vapour of a heavy metal such as gold or 
platinum is directed on to the specimen on its supporting 
film, at a small angle with the surface. This beam of atoms, 
as it really is, casts shadows of projecting parts of the 
specimen, as sunbeams cast shadows of objects on the 
ground. The ‘shadow’ contains no gold, and so passes 
electrons freely, whereas the ‘windward’ side of objects 
collects a thick layer, and so transmits hardly any electrons. 
Hence a great enhancement of contrast appears in the 
final image; if a thin enough layer of metal is deposited, the 
contrast can be obtained without obscuring detail. This 
simple technique, conceived in Germany and perfected 
in the United States, has allowed a great extension of the 
range of electron microscopy, and precisely in the direc- 
tion most sought—towards the detection of extremely 
small details. Without it, hardly any information could be 
obtained from photographs such as those in Figs. 9, 10 
and 11. 


Small Organisms 


A great variety of organisms may be examined by direct 
deposition from suspension on a supporting membrane. 
At the upper limit of size, they lie within the observation of 
the light microscope, the purpose of electron microscopy 
then being to reveal their finer details. Fig. 8 is typical 
of the largest organisms investigated, showing a protozoon 
(Peranema) with attached flagellum; it was ‘stained’ with 
osmic acid, but not gold-shadowed. The fibrillar nature of 
the whip-like ‘tail’ can be discerned, and the surrounding 
Sheath is well visible. 

Bacteria are usually too thick to show much detail in the 
electron micrograph, but surface structure and flagellation 
show up when they are shadowed. Fig. 9 shows the typical 
organism, B. coli; the picture is printed as a negative, with 
solid matter showing white, in order to bring out detail. 
Much work is now being done on the effect of various 
chemical agents and physical treatments on bacteria. 
Some of the smaller bacteria, such as those of tuberculosis, 
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FiG. 8.—A_ Protozoon (Peranema), treated” with 

osmic acid to bring out detail in the whip-like 

flagellum. (Cavendish Laboratory, Cambridge.) 
« 6000. 

Fic. 9.—Two bacteria (Bacillus coli) fixed in osmic 
acid and shadowed with gold-palladium. (Cavendish 
Laboratory, Cambridge.) » 40,000. 

Fic. 10.—A bacteriophage, which parasitises Bacillus 
coli, shadowed with gold-palladium. (Cavendish 
Laboratory, Cambridge.) » 20.000. 
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are transparent enough to the beam to show internal 
structure. 

It is in the field of viruses that the electron microscope 
is proving most immediately useful, since they lie for the 
most part outside the range of optical microscopy. It has 
been possible to differentiate the various pox-viruses, and 
to indicate that some at least have a type of nucleus like 
larger organisms. The influenza group has been similarly 
investigated, especially at the National Institute for 
Medical Research, showing that the virulent strain has a 
filamentous form, compared with the usual globular shape 
of the virus particle, which has a diameter rather under 
000A. Many animal viruses, such as poliomyelitis and the 
common cold, are much smaller than this and so far have 
not been positively identified. But with the development 
of new methods the search grows more promising. For 
instance, a technique has been developed at the National 
Institute for Medical Research for collecting influenza and 
other virus bodies on the membranes of blood cells, which 
have been treated so as to remove the contents. Many 
viruses are picked up on the empty blood cell sacks just as 
readily as they are absorbed on to them in the body, and 
may then be separated from the inert matter present. It is 
thus possible to obtain the virus readily from infected 
material containing it, which is otherwise a difficult matter; 
the identification of the active virus body amongst the 
general mass of cell contents and debris is like looking 
for a needle in a haystack. 

A special study is being made, so far mainly in the United 
States, of the bacterial viruses or bacteriophages, which 
were made visible for the first time by the electron micro- 
scope. A common type has the form of a mallet, with head 
some SOOA across and tail rather longer, with a slight 
thickening at the end (Fig. 10). As with other viruses, their 
mode of reproduction is still in doubt but it seems im- 
probable that this can occur outside the host organism 
which they attack. On the other hand, the entry of a single 
phage particle has been shown by Wyckoff to lead to a 
practically quantitative conversion of a bacterium into 
phage; it constitutes one of the most striking results of 
electron microscopy. At the same time it has been shown 
that related strains of bacteriophage, as of influenza virus, 
can ‘cross’ during common attack on a cell and produce 
progeny containing characters derived from both ‘parents’. 
The elucidation of these biological reactions will bring 
great light on the fundamental processes of living matter 
and especially on genetic mechanisms. In the sphere of 
micro-organisms it appears that the concept of the gene 
may be in need of radical revision. 

Plant viruses are for the most part of smaller size still, 
many of them being below 200A in diameter in the dry 
State. They are particularly interesting in that they can be 
crystallised, without destroying their biological activity. 
The electron microscope is able to show directly the regular 
arrangement of the ‘molecules’ in such crystals, so long as 
they remain intact on drying. Again metal-shadowing is 
essential to give sufficient contrast. By these methods the 
investigation of crystals of protein and similar substances is 
being pursued towards ever smaller units. Edestin, of 
about 75A diameter, has shown very clear pictures of 
cubical structure. Insulin and haemoglobin are more 
difficult to handle, but show enough detail to confirm the 
X-ray results. If the preparation methods can be still 
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further refined, the electron microscope will largely render 
unnecessary the use of X-rays for structure investigations of 
high-molecular substances. | 


Tissues and Sectioning 


The investigation of continuous biological material, and 
hence of diseased tissues such as cancers, has been held up 
by the difficulty of cutting sufficiently thin sections. It is 
possible to isolate elementary threads from fibrous matter, 
such as muscle, connective tissue or nerves, and from 
natural free fibres such as wool or cellulose. Fig. 11 shows 
the typical banded structure of collagen fibres from human 
skin, on which work is proceeding at Leeds University. 
Much light is being thrown on the structure and function- 
ing of nerve and muscle by work in progress in Melbourne, 
Cambridge and in the States. 

The cutting of sections has proved more difficult. It 
was at first thought that the type of microtome used to 
cut sections for light microscopy (down to | micron) was 
incapable of cutting them thin enough for the electron 
microscope. Much effort was expended in the States in 
devising microtomes with very high cutting speeds, in the 
region of the speed of sound, in the belief that thinner 
sections might then result. It was later shown in Utrecht 
and in Stanford, however, that with sufficient attention to 
detail the ordinary microtome could be adapted to cut 
down to 0:2 micron and less. The embedding of the speci- 
men, rate of advance to the knife, the angle of cutting and 
especially the temperature, all need careful control. In the 
result, it is possible to section continuous tissues, hair, and 
dispersions of bacteria, for instance, so as to give good 
electron micrographs. The perfection of this technique of 
microsectioning will enormously widen the scope of elec- 
tron microscopy. At the same time it adds to the caution 
necessary in interpreting the micrographs, since distortion 
may be introduced by the knife, as well as by the fixation and 
drying of the specimen which is unavoidable. It is as well 
to point out that there is no hope in sight of being able to 
observe wet objects, let alone living material, in the electron 
microscope. It may be possible at very high voltages of 
the order of several million volts, with the specimen 
enclosed in a sealed capsule. In this respect, great interest 
attaches to experiments, in train at the National Bureau 
of Standards, Washington, to make a microscope for 1-4 
million volts. 


Metallurgical Applications 


Little space remains to detail the many applications of 
the new instrument in the non-biological field. Many 
studies of particle size and shape have been made, in 
relation to chemical reactions, mine dusts, and the struc- 
ture of clays, paints and other powders. Some mention 
must be made of the increasing applications in metallurgy, 
which have received much attention at Cambridge and the 
National Physical Laboratory. In order to examine the 
surface of a massive specimen of metal, a replica must be 
made of it. The simplest method is to flow a solution of 
cellulose, or some tough plastic, over the prepared surface 
and allow it to set. It is then usually possible to peel off 
the resulting film intact and thin enough to examine in the 
electron microscope. If conditions are properly controlled, 
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the replica shows variations in thickness which corres- 
pond closely to the original relief of the surface, and which 
give sifhilar contrast differences in the image, owing to the 
variation in scattering of electrons with thickness. A good 
example is shown in Fig. 12, froma pearlitic steel, where the 
different constituents are at once visible. In this way the 
fine structure of many metals and alloys may be investi- 
gated, and the changes produced by various treatments 
followed. 

Fundamental problems of metal physics are now being 
investigated on these lines, such as the processes by which 
a stressed metal yields in a series of regularly spaced ‘land- 
slides’, instead of by uniform movement. It is also possible 
to observe the rugged surface of metal fractures, by a 
special replica process. Here the electron microscope is 
useful even in the range of magnification usually covered by 
the light microscope, since the latter cannot cope with a 
rugged surface at high magnification (500 times or more), 
owing to its small depth of focus. The aberrations of 
electron lenses enforce the use of small apertures, which 
have the compensating advantage of large depth of focus. 
Hence the electron microscope can show the whole detail 
of a fracture in a single picture. 


Improvement of Resolution 


In conclusion mention must be made of the possibilities 
of improving still further the resolving power of the electron 
microscope. The chief limiting factor, as already noted, is 
the spherical aberration of the lenses. Various methods 
have been proposed for correcting it, from the use of very 
high frequency pulses to the injection of controlled clouds 
of electrons, or the placing of very thin metal foils in 
the lens. The most practicable proposal seems to be the 
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introduction of a number of non-symmetrical components 
into an electrostatic lens system. Although the mathematical 
conditions necessary have been established, it remains to 
translate them into practice, and this may prove to be too 
difficult mechanically, in the way of shaping the required 
electrode surfaces. 

A more promising method has been proposed by Gabor 
(of the Imperial College of Science and Technology at 
South Kensington, London) which by-passes rather than 
corrects the lens errors. A diffraction or ‘out-of-focus’ 
electron micrograph of the object is taken, in which the 
fine detail is not immediately visible, but is contained in the 
diffraction fringes—it is ‘scrambled’, so to speak. The 
positive print of this photograph is then observed through 
an optical system which is in all respects similar to the 
electron lens system in which the original was taken. A 
‘reconstruction’ of the scrambled image is thus effected, 
the resolution of which is not affected by the aberrations of 
the electron lenses; it is only essential that the optical lenses 
of the reconstruction unit should have the same aberra- 
tions, so that the two effects cancel out each other. This 
ingenious system was demonstrated by Gabor to be prac- 
ticable with optical systems in both stages. The first 
electron-optical results have now been obtained in the 
Research Laboratories of the Associated Electrical 
Industries, and already show a resolving power equal to the 
best shown by normal electron micrographs—below 20A. 
As this was obtained without special attention to matching 
the aberrations of the reconstruction system, there is every 
hope that Gabor’s method can give a resolution approach- 
ing atomic dimensions, before the electron microscope 
itself will do so. 

(The cover picture shows the electron microscope at the 
Dunlop Research Centre; photograph by Francis Hart.) 


Fic. 13.—Rows and 
layers of Polystyrene 
Latex Particies, 0:25 
micron in diameter. 
(Cavendish Laboratory, 
Cambridge). » 20,000. 
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A bull seal with his harem. 





The Elephant Seals in the Antarctic 





DOUGLAS LIVERSIDGE 


ALMOST two centuries ago the famous Captain Cook sailed 
South to ‘search for a continent’. He came across lonely 
South Georgia—and a source of wealth. The news soon 
spread that seals abounded in the bays and fjords of this 
Antarctic island. London and other markets were thirsty 
for oil, and little ships quickly set course for the polar seas. 
The sealing industry in South Georgia was born. 

But it was well-nigh destroyed in infancy. True, they 
were good days for some while they lasted; men grew rich 
on pitiless slaughter. But greed led to unrestricted killing; 
so much so that by the time an American schooner arrived 


in 1885 the animals had dwindled to two. Happily the 


seals are back at South Georgia. The industry has been 
revived—but this time with sane restrictions. Today there 
is no likelihood of the species dying out, for only a limited 
number can be destroyed each year. 

Of the various types of seal, it is the elephant seal which 
is of the greatest commercial use. It is this species which 
Richard Laws, 23-year-old zoologist from Cambridge 
University, has been studying in the South Orkneys, 
gleaning knowledge which he aims to apply in South 
Georgia when he goes there for a year next October. 

Laws made a comprehensive study of the seal population 
at Signy Island. He devoted some attention to Weddell 
seals, and other species, but concentrated primarily on the 


. breeding habits of elephant seals, the control of the popula- 


tion and its present condition. One of the chief difficulties 


_ Was to find a reliable way of determining ages. 


To achieve this Laws confined his interest to pups, fixing 
dated metal clips under their flippers. Altogether some 150 
were marked. From his observations it is pretty certain 
that, after their migrations, the seals return periodically to 
the place where they were born. This ‘homing’ tendency 
was more conspicuous among bulls. Laws’s records 
revealed that a number marked during his first year’s stay 
in Antarctica arrived at Signy Island the following year. 

Laws made a point—when the weather permitted—of 
visiting the Borge Bay area once a week; here there are 
more than 5000 seals as compared with about 2500 in the 
rest of the island. On these visits he counted all the animals 
and classified them into seven categories; four male and 
three female classes. These were large, medium large, 
medium and small males, and large, medium and small 
females. 

Though of the same species, not all revealed the same 
characteristics. One class, for instance, would be away at 
sea while another would stay ashore; elephant seals appear 
to arrange their land visits like staggered holidays. Each 
class, too, has its own particular time for moulting during 
the year. A good many of the seals were in the habit of 
remaining ashore for six weeks while moulting, but Laws 
also noted that a reasonable percentage stayed on Signy 
Island from September to June. 

But all quitted the island during the last week in June— 
shortly after Midwinter’s Day. Some travelled big dis- 
tances over the sea ice—anything up to twenty miles. While 











Laws, on the left, conducting a 


FiG. 3 (above).—Elephant seal 
cow basking on the rocks. 
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at sea the seals fed sumptuously, but on land they ate little 
and grew extremely thin. 

Cuttle-fish forms their main diet. Perhaps this will come 
as a surprise to many. Cuttle-fish might appear to be a 
hard and unpalatable food but the seal overcomes their 
toughness in a simple way: gravel in its stomach grinds up 
the victim. 

Although Laws has never studied conditions in South 
Georgia, he feels that a good deal of potential commercial 
wealth must be lost each year. For annually at Signy 
island the mortality among pups is high when the ice breaks 
up. Many are crushed in the actual break-up of the ice, 
and other pups die when they become separated from the 
cows. ““We often found harems on the ice edge,” said 
Laws. “It seemed a foolish place in which to breed. The 
seals would be swept out to sea on floes which would break 
up and take toll of many pups. I would say that about 
90°, of the pups died each year.’” He has devoted much 
time to studying these seals during the breeding season. 
He found that both sexes moved around more than one 
might expect. In a colony, for example, the biggest bull 
was in the habit of leaving his own harem and going all 
round the other harems. This led to battles with the other 
bulls, but the one with the greatest weight invariably won 
the argument. These contests are rarely bloody frays. The 
bulls size up each other then rear up and crash down with 
all their might. Sometimes a proboscis gets torn and eyes 
gouged, and perhaps a chunk of blubber is ripped out, 
but neither contestant is killed. Fighting is not confined to 
bulls, and will occur when one cow tries to steal another 
cow’s pup. 

Laws noted that no cow gave birth to more than one 
pup at a time; he has never met a case of twins or other 
multiple births. *‘We weighed the pups regularly once every 
three days,” said Laws. “‘Their rate of growth is remark- 
able. A cow pup when born weighs about 100 lb. Within 
eleven days it doubles its weight, trebles it in seventeen 
days and quadruples it in twenty-two.” The milk is 
evidently extremely rich, and might prove valuable com- 
mercially. For that reason Laws has collected some for 
analysis by the School of Agriculture at Cambridge 
University. 

Bull pups, as might be expected, were heavier. Weight at 
birth was about 109 lb. This had doubled within eleven and 
a half days, trebled within eighteen, and quadrupled within 
twenty-three. 

A large bull can live to probably twenty years, a cow to 
fourteen years. ‘‘The largest bull I ever measured,”’ Laws 
told me ‘“‘was 22 ft. long and weighed almost 4 tons. I 
saw one even bigger than that, but it was inaccessible. 
It is clear that some bulls weigh up to 5 tons. Cows can 
grow up to some 14 ft. in length, but they are much smaller 
than the bulls and usually weigh no more than a ton.” 

Very few elephant seals die on land. Laws believes that 
this is due to the fact that, as a rule, they are only on land 
for one-fifth of the year; the rest of the time is spent at 
sea. They have no enemies on land, but it is known that 
leopard seals and killer whales take a heavy toll. 

As a result of Law’s studies it is now known when seals 
reach sexual maturity and start to breed, a fact of great 
importance when planning control measures. ‘‘When I go 
to South Georgia,’ he explained, ‘“‘I shall be able to com- 
pile a complete census of the seals of all ages on the island. 
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Probably | shall resort to taking aerial photographs as an 
aid to ascertaining the size of the seal population. We shall 
then know how many we can kill without fear of destroying 
the species. At present only the bulls are destroyed; the 
cows are preserved for breeding. The yearly toll is 16,000, 
but I feel that research will show that the number can be 
increased. As yet no one knows exactly how many seals 
exist at South Georgia, but it is thought there are at least 
a quarter of a million. In the South Orkneys—where the 
seals are believed to be an overflow from South Georgia 
—there are around 10,000. Applying the numbers we get 
on Signy Island to a stretch of coast the size of South 
Georgia you would expect more than 250,000.” 

No aspect of seal fishing is being neglected in these 
studies. 

For instance, the commercial possibilities of seal hide are 
being explored and samples of skins have already been 
collected for examination by the British Leather Manu- 
facturers’ Research Association. 

“If this leather proves satisfactory, Laws said, “it will 
perhaps be necessary to consider setting up an establish- 
ment at South Georgia to prepare hides for transport. 
The Australians used to send some home from Heard 
Island and still do, I believe, from Macquarie Island. I 
think the only snag the leather manufacturers would 
encounter would be the scars you often get in the skins. 
These usually arise from fighting or when attacked by 
leopard seals. I think, however, that manufacturers can 
nowadays overcome this blemish by a system of over- 
printing with semi-artificial leather. At present the industry 
at South Georgia merely takes the elephant seals to extract 
oil. But there is scope for bone meal and fertiliser; in fact, 
seals offer most of the products you get from whales. At 
South Georgia they even mix seal oil with whale oil for 
making margarine.” 

Although he has studied their behaviour to some extent, 
Laws doubts whether Weddell or Crab-eater seals could be 
commercialised. The main difficulty is that they never herd 
like the elephant species and are usually found in inaccess- 
ible places. Moreover, they are smaller than the elephants 
therefore have not the same oil content. 

Somewhere about the beginning of this century the 
Dundee whalers sent an expedition to the northern tip of 
Graham Land. They went in search of Weddell and Crab- 
eater seals and returned with blubber and a number of 
skins. But the experiment proved unprofitable and has 
never been repeated since. 





FIG. a 
see more—and fainter 


if the stars were distributed like this observers on the earth. near O. would 
stars tn the direction OA than in OB. OA lies tn the 
plane of the disk-—which would be the plane of the Milky Way. 


What is the Milky Way? 





E. A. BEET, B.Sc., F.R.A.S. 


To the ancient peoples the stars were simply lights attached 
to the dome of Heaven, covering the flat earth. In a later 
period they were thought to be luminous bodies attached 
to a revolving sphere, at the centre of which was the 
stationary terrestrial ball. With the coming of the scien- 
tific age came the realisation that the stars were other suns 
distributed at various distances from us, distances so 
great compared with that of our particular sun that they 
are reduced to mere pin-points of light. The purpose of this 
article is to examine their distribution in space; let us begin 
with the evidence of the unaided eye. 

They are certainly not distributed in a uniform way, and 
at a casual glance there is no kind of arrangement at all, 
for constellation figures with their fanciful names were 
quite arbitrarily chosen and could easily have been selected 
differently. On closer examination, however, not confining 
attention to bright stars, some kind of structure is revealed. 
The band of the Milky Way, composed of myriads of faint 
(and presumably distant) stars, is very nearly a great circle 
around the celestial sphere, forming an apparent ring of 
stars with the observer close to, but very slightly to the 
north, of its plane. An alternative explanation to the ring 
is to suppose that the stars are of approximately equal 
brightness and are uniformly distributed in a disk-like 
region in space (Fig. 1). The brighter and nearer stars would 
be more or less equally distributed over the sky, but the 
fainter and distant stars must be concentrated in the plane 
of OA, a kind of distribution that is very much what we 
do see. This system of stars is called the ‘Galaxy’, and the 
plane of OA including the Milky Way, the ‘Galactic 
Plane’. The name Galaxy is derived from the Greek for 
milk, and was originally used as an alternative name for 
the Milky Way as wesee it. It is nowacollective term for all 
the visible stars (including the Sun) and other matter 
situated within its boundaries. 


The Evidence of Counting 


The stars vary very widely in their apparent brightness; 
this variation can be due to real differences, or to the effect 
of distance, or to both factors. We have so far assumed the 
latter and for the purpose in hand it is good enough. The 
distribution in the sky varies widely, some areas being rich 
in stars and others comparatively starless; this effect may 
be due to the genuine crowding of stars in space, or to the 
fact that there are many stars in roughly the same line of 
sight. We have so far assumed, as did Herschel in the 
late eighteenth century, that distribution is approximately 
uniform, an assumption that is not true. Herschel’s studies 
of our problem included the counting of stars visible in the 
field of one of his telescopes when directed to various parts 
of the sky, and the assumption that the more stars he could 
count, the more extensive space was. His results did, on 
the whole, confirm the theory of the last paragraph (Fig. 2), 
but he was not very confident about it, as he realised the 
lack of uniformity in distribution. Another weakness in 
Herschel’s experiment was that his telescope was not capable 
of seeing to the limit of the stellar system; he could see 
farther than the sphere in Fig. 1, but not to the edge of the 
Galaxy in the direction OA. 

A more elaborate system of counting was used by 
Kapteyn (1922), the apparent brightness of many of the 
stars having been measured* as accurately as was possible 
at that time. Stars are classified in magnitudes, the Pole 
Star, for example, being of the second magnitude. A first 
magnitude star is about 2} times brighter and a third 23 
times less bright. If two stars differ by three magnitudes, 
e.g. 2nd and Sth, the brightness ratio would be (24)*. The 
naked eye can reach the Sth or 6th magnitude, Herschel’s 


* Methods of ‘photometry’ will be found in Hutchinson's Sp/en- 
dour of the Heavens, Ch. XV. 
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telescope to about the 14th, and modern photographic 
methods to the 21st. Kapteyn’s material was the number of 
stars for each magnitude, counted for the brighter magni- 
tudes and estimated from selected counted regions in the 
case of the faint stars. Assuming that faintness, on an 
average, is due to distance, there will be an increase in the 
number of stars in proceeding from one magnitude to the 
next, for we are viewing further into space. Kapteyn found, 
however, that the number did not increase uniformly; 
there was a falling off in star density with distance. He 
concluded that the stars cccupied a lens-shaped volume, 
with the concentration decreasing outward and having the 
observer near the centre. 


The Evidence of Globular Clusters 


There are in the sky a great many star clusters of different 
degrees of concentration. The Pleiades, better known as the 
Seven Sisters, is an open cluster, in which individual stars 
can be seen with the naked eye or with the slightest optical 
aid. Another class of cluster appears to the naked eye to 
be nothing more than a hazy spot, needing a powerful 
telescope to resolve it into a mass of stars rather reminiscent 
of a swarm of bees. One of these objects is illustrated in 
Fig. 3 and gives the impression of being roughly spherical 
—hence the name ‘globular cluster’. Since 1913 it has been 
possible to estimate the distances of these clusters, and in 
the succeeding years Shapley used them to attack, from an 
entirely new angle, the problem of the shape of the galactic 
system. We cannot here discuss the methods of distance 
determination, but a brief digression is necessary to empha- 
sise how great these distances are, and to explain the units 
in which they are measured. Light, travelling at a speed of 
186,000 miles per second, reaches the Earth from the Sun 
in about 8 minutes, whereas from the nearest star the 
corresponding time is 4 years. Thus the distance of this 
star is greater than that of the Sun by the same ratio as 
4 years is greater than 8 minutes. Its distance expressed in 
miles would be absurdly large, and it is more usual to 
express it as 4 ‘light years’, a light year being about 6 
billion—6 million million—miles. 

Shapley was able to measure the distances of many 
globular clusters and then plot their distribution in space. 
They occupy an ellipsoidal volume, the principal plane 
being that of the galaxy. The diameter in this plane is 
about 150,000 light years, and rather less in a perpendicular 
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direction, though the flattening of this system is much less 
marked than in the case of the model previously discussed. 
The clusters are about equally divided north and south of 
the galactic plane, though none is near to the plane itself. 
but they are by no means equally distributed around the 
plane; there are far more in one hemisphere than in the 
other. Thus although the Sun lies close to the central plane 
it cannot be at the centre, which is situated in the direction 
of the star group called Sagittarius, where the Milky Way 
is brightest. 

Thus we now have two systems which appear to co-exist 
in the same space, and about the same principal plane, and 
it is reasonable to suppose that they are really one. The 
difficulty that arises is that the evidence of counting shows 
convincingly that the Sun is near the centre, while that of 
the globular clusters shows equally convincingly that it is 
not. One explanation that presents itself is that the Sun and 
its nearer neighbours form a local star cloud, similar in 
shape to the main one, and that in counting star densities 
the distribution of these nearer stars is masking the larger 
scale distribution beyond. Another explanation is that for 
some reason stars are invisible beyond a certain distance, 
so that we do not see as many stars as we should in the 
direction of greatest depth. 


The Evidence of Obscuration 


Some of the hazy spots in the sky are not resolved into 
star clusters, but are revealed as vast masses of luminous 
gas called nebulae. Thus the matter in space is not all in 
the form of stars, but also exists in a tenuous form which 
shines either of itself or, more probably, by re-emitting 
radiation received from neighbouring stars. In photographs 
of these objects, the nebulosity sometimes ends with a 
suddenness that suggests obstruction by a cloud of non- 
luminous matter which for convenience will be called inter- 
stellar dust. Fig. 8 shows bright nebulosity and a particu- 
larly striking example of this dark obstruction. On a large 
scale there are apparently starless patches in the sky, such 
as the famous ‘coal sack’ in the Milky Way near the South- 
ern Cross. These can also be attributed to inter-stellar dust, 
and they occur particularly in the galactic plane; indeed for 
about a third of its length the Milky Way is double, sug- 
gesting a plane of such dust. This is illustrated in Fig. 4, 
which shows the distribution of stars according to Kapteyn, 
but with the Sun moved out into the position demanded by 





FiG. 2.—This is a_cross- 
section of the Galaxy, ac- 
cording to Herschel (1785): 
the peculiar cleft represented 
an attempt to explain why 
a part of the Milky Way 
includes a dark rift much less 
bright than the rest. (After 


Scientific American drawing.) 
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A Globular Star Cluster (Qmega Centauri) 
really many millions of miles apart. 


Shapley’s conclusions. We have seen evidence to suggest 
that the star concentration is greatest near the centre of 
the system; it is not surprising that the greatest dust con- 
centration should also be there, and it is a significant fact 
that the galactic centre in Sagittarius lies in the divided third 
of the Milky Way, direction OB in the illustration. This dust 
could obscure the globular clusters near the galactic plane 
and would also explain why the two theories disagree, and 
why Kapteyn did not detect that the galaxy extended further 
in One direction than another because, it was just in that 
direction where there were more stars for him to count 
there was also more dust to obscure them. The results from 
which he worked were re-examined by Rhijn and Bok, 
making an allowance for the fact that our vision was 
limited in certain directions, and they found evidence for 
the existence of the local system suggested in the last para- 
graph. This, if real, is also ellipsoidal but with its plane 
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Although the stars look so closely packed they are 
(Cape Observatory photograph.) 


inclined at 12 degrees with the galactic equator. It seems 
to be about five thousand light years in diameter, with the 
centre about 300 light years away in the direction of the 
constellation of Carina. 


The Evidence of Stellar Motion 


The expression ‘the fixed stars’ is a common one, but 
there is nothing fixed in the universe. Comparison of 
photographs taken at a long interval apart shows that the 
stars are very slowly changing their position across the line 
of sight, and in many cases move in groups. For example, 
five stars of the familiar Plough are moving one way and 
two the other, so that in the course of a long period of time 
this grouping will vanish. This stellar motion is partly 
due to that of the Sun and its attendant planets. If you 
are driving in a long street with lamps on both sides of 
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you, those ahead appear to be opening out and those 
behind closing in. The same phenomenon has long been 
known for the stars; in one direction they are apparently 
opening out and in the opposite direction closing in, thus 
showing that the Sun, taking the earth and ourselves with 
it, is moving with a velocity of 12 miles a second in the 
direction of Hercules. Naturally enough, this result is 
based on stars with large motions, and those are the 
nearer ones as a rule. 

Velocity in the line of sight, i.e. directly to or from the 
observer, can be found by an application of Doppler’s 
principle, a familiar phenomenon in sound. Most readers 
will have noticed that when a whistle or aero engine is 
approaching its pitch seems to be raised, and falls when the 
source begins to recede. Similarly with starlight; the Dopp- 
ler effect brings changes in colour and using the spectro- 
scope to measure the colour changes it becomes possible 
to calculate the velocities of approach or recession. Using 
material of both kinds for the various moving groups of 
stars it has been found that their velocities decrease with 
increasing distance from the star cloud in Sagittarius, just 
as velocities of the planets decrease with increasing distance 
from the Sun. This suggests that the individual members 
of the galaxy are in motion around the galactic centre, the 
centre of gravity of the whole system. 

The velocity of the Sun relative to the brighter and nearer 
stars has already been mentioned, but as these are them- 
selves in motion it would be expected that a different result 
would be obtained if some other frame of reference were 
chosen. If you were to find the speed of the train in which 
you are travelling by timing the passing of another train 





FiG. 6.—The great external star system in the constella- 

tion of Andromeda, just visible to the naked eye as a hazy 

spot and nearly 900,000 light years away. It is a circular 

and spiral structure, but is seen obliquely. ( Yerkes 
Observatory photograph.) 
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your result would not be the same as if you had timed the 
mileposts. When distant objects such as the globular 
clusters had their apparent motions determined, much 
higher values for the Sun’s velocity were obtained and they 
confirmed the rotation of the galaxy. The orbital velocity 
of the Sun is about 170 miles per second in the present 
direction of the constellation of Cygnus, and the time of 
revolution is in the region of 225 million years. 

It has been suggested that the 12 m.p.s. is an orbital 
velocity in the local system; it has also been pointed out 
that as each star has its own velocity about the main centre 
a local system would soon (astronomically) scatter. Thus 
the real existence of the local system is in some doubt. 
From the properties of the Sun’s orbit it has been esti- 
mated that the mass of all the matter in the galaxy must be 
1-2 10'' times that of the Sun and it may include as 
many as 3x 10'' stars. 


Conclusion 


The present state of knowledge about the structure of the 
Galaxy is given diagrammatically in Fig. 5, which shows a 
cross-section perpendicular to its plane. There is the main 
system, a disk about 120,000 light years in diameter and 
20,000 thick, including stars, nebulae and inter-stellar 
dust, the dust occurring particularly in the central plane. 
Beyond it is the larger and less flattened volume of the 
globular clusters. The Sun is slightly to the north of the 
main plane and about 40,000 light years from the centre; 
it may be a member of a local sub-system 5000 light years 
in diameter and making an angle of 12 degrees with the 





Fic. 7.—Another external system, but this time seen 

edge-on. Compare with the cross-section of the Galaxy 

shown in Fig. 5. Nebula NGC 4565. Coma Beren. 
(Mount Wilson photograph.) 
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FiG. 8.—Nebulosity in 
the constellation of 
Orion. Here we see 
masses of luminous gas 
obscured near the middle 


by a dense mass of 
‘inter-stellar dust’. 
(Mount Wilson photo- 


graph.) 
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main one. The main system is in rotation, not as a whole 
but with individual velocities which are least at the edge. 
The velocity of rotation in the vicinity of the Sun is 170 
miles per second and the period of revolution 225 million 
years. 

Throughout this article we have been considering only 
internal evidence; we have inferred the shape of the galaxy 
without being able to see it as a whole from the outside. 
In a world without mirrors a man could get some idea of 
his own appearance by looking at other men. So in the 
Universe, for beyond the Milky Way, at distances of a 
million or more light years, there are objects called the 
extra-galactic nebulae; some writers speak of them as ‘the 
Other galaxies’. On examination many of these objects 
show a structure somewhat similar to that deduced for 
the system to which we belong and can see only from the 
inside, Figs. 6 and 7. 
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New knowledge is always being added to the old. The 
southern sky is less well explored than the northern, but a 
great telescope has recently been completed in South 
Africa (Discovery, Vol. 9, p. 251). Can we yet see the 
whole of the Galaxy? The new 200-in. telescope in America 
should be able to double the distance we can explore. Thus, 
in time the foregoing theory may need modification—or, 
on the other hand, it may be confirmed. 


SHORT READING LIST 


Sir James Jeans, Universe Around Us, 4th Ed. 
F. J. Hargreaves, The Size of the Universe. 

P. Doig, An Outline of Stellar Astronomy. 

J. B. Sidgwick, The Heavens Above. 

B. J. and P. F. Bok, The Milky Way. 


Note.—These books cover a much wider field of study than the 
subject of this article. 


The Cyclotron and its Limitations 





PROF. O. R. FRISCH, F.R.S. 


ATOMIC nuclei are in the focus of interest among physicists 
today. One can learn a lot about them by measuring their 
weight and their electric and magnetic effects, and by 
studying other, more subtle, ways in which their properties 
influence matter in which they are contained. (For instance, 
Dennison in 1927 deduced the spin of the hydrogen 
nucleus from accurate measurements of the heat content 
of hydrogen at different temperatures.) If a scientist saw 
a watch for the first time he could probably deduce a fair 
amount about its construction from observing the motion 
of the hands, from the sound of its ticking, from how much 
effort is needed to wind it, and how often it has to be 
wound. But in order really to find out how it works he 
must take it to pieces. 

There are no tools fine enough to take a nucleus to 
pieces since, as far as we know, atomic nuclei are the 
smallest things in the world. But diamond is the hardest 
material known, and yet it can be ground: by diamond 
dust. If two diamonds are pressed together with sufficient 
force one of them will have to give, and if two nuclei are 
made to collide hard enough something will happen. 

Fortunately nature provides us with fast-moving nuclei: 
the so-called alpha particles which are sent out all the time 
in large numbers by certain radioactive substances such as 
radium or polonium. Alpha particles are helium nuclei 
which are ejected from the radioactive nuclei with a speed 
of around 10,000 miles a second. If such alpha particles 
are aimed at a thin gold foil nearly all of them go straight 
through, only a few are deflected. That shows that nuclei 
are extremely small, so small that most alpha particles 
never encounter a gold nucleus on passing through the 
foil. A careful study of how often small and large deflec- 
tions occur shows that even those particles which are 
deflected have not actually hit a gold nucleus but have 
merely been turned away by its electric field. This field— 
all nuclei carry positive electric charges and hence repel 
one another—is very powerful. At the edge of a heavy 
nucleus (say of uranium) the electric potential amounts to 
about 15 million volts, and an alpha particle in that region 
is repelled with a force of nearly a hundredweight! 

Thus natural alpha particles are not fast enough to 
establish contact with gold nuclei. But with lighter nuclei 
they can establish contact: Rutherford showed in 1919 that 
fast protons (hydrogen nuclei) were occasionally observed 
when an intense stream of aipha particles was passed 


through nitrogen. This means that an alpha particle can 
occasionally strike a nitrogen nucleus and disturb it so as 
to make it emit a proton. Work on those lines yielded 
important results; in particular it was found that not only 
protons but also neutrons could be knocked out from 
suitable nuclei. (Neutrons are similar to protons in weight 
but have no electrical charge.) However, progress was slow 
and tedious because only a few alpha particles in a million 
could be made to strike a nucleus and cause what is—with 
some exaggeration—called a nuclear _ disintegration. 
Furthermore, the available speed of the natural alpha 
particles limited work to the twenty or so lightest elements 
(out of over eighty then known). 

The very nature of the difficulty suggested the remedy. 
If particles can be slowed down by the electric field around 
a nucleus they can also be speeded up by suitable electric 
fields. (That is, of course, how natural alpha particles get 
their speed: by being expelled from a radium or polonium 
nucleus and then speeded up in its electric field.) It is often 
convenient to represent the electric potential (voltage) 
graphically as in Fig. 2; each nucleus is then represented 
by a hill. Since alpha particles have to climb a ‘potential 
hill’ of about 15 million volts if they are to hit a heavy 
nucleus they must first be made to slide down a ‘potential 
slope’ of a total height of at least 15 million volts in order 
to get the necessary speed. (For somewhat lighter nuclei, 
less speed is required.) 

The production of such high voltages seemed imprac- 
ticable at the time of Rutherford’s discovery, and for more 
than ten years no serious attempt was made to produce 
them. Then two things happened at once, in 1932: Cock- 
croft and Walton built a generator which produced about 
700,000 volts and enabled them to attack light nuclei, 
getting very much more intense effects than with natural 
alpha particles; and E. O. Lawrence built his first cyclotron. 

In cyclotrons, relatively small voltages are employed 
(usually less than 100,000 volts), but the particle is made to 
slide down the same electric field repeatedly—without 
having to climb it in between! The first apparatus which 
Lawrence used in testing this idea consisted of a number of 
straight metal tubes all in a line (Fig. 1). Alternate tubes 
were connected to one or the other terminal of a high- 
frequency generator (as in a radio transmitter). If the 
electric potential changes, say, twenty million times every 
second, a particle which has arrived at the gap a at the 
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Linear accelerator. 


lons from the ion source on the left are driven to the 


right at increasing speed. The oscillator provides a rapidly alternating voltage, 
timed so that ions find an accelerating field every time they arrive at a gap between 
successive tubes. 
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Graphical representation of electric field around 

An alpha particle is seen ‘sliding down’ the 
electric potential which surrounds a radium nucleus 
(i.e. being pushed away by its electric charge). It gains 
enough speed to enable it to ‘climb’ the potential hill 
surrounding a nitrogen nucleus. 


Fic. 2. 


nuclei. 


right instant to be speeded up by the field then prevailing 
will—if the tube a-) has the right length—arrive at b a 
twenty-millionth of a second later; at that time the voltage 
has changed sign and the particle will therefore gain further 
speed as it passes the gap 5. If successive tubes are made 
longer and longer in the correct progression, to allow for 
the increasing speed of the particles, this process can be 
repeated a number of times; but the whole apparatus 
becomes very long. During the war it was discovered how 
to make transmitters for electric fields which change 
several thousand million times a second (for radar), and 
the tubes indicated in Fig. | can now be made much 
shorter. So this development, initiated by Lawrence in 
1931 and then shelved, has now been picked up again. A 
later article will deal with these ‘linear accelerators’. 

The big step which led to the cyclotron was taken by 
Lawrence in 1932. In order to cope with the very long 


| paths required by his ‘multiple acceleration’ principle he 


employed a large magnet which coils the path up into a 
narrow spiral. The shape of a cyclotron magnet seems at 
first surprising, but it can be arrived at by uniting and 
distorting two familiar horseshoe magnets (Fig. 4). Heavy 
coils, wound from several tons of copper strip, are placed 
around the upper and lower pole tips, and a current of a 
hundred amperes or more is passed through those coils 
during operation, turning the whole structure into a 
powerful electro-magnet. Between the flat pole faces the 
‘tank’ is inserted, a flat round box the top and bottom of 
which are heavy iron plates while the sides are made of 
some non-magnetic material such as brass. The tank is 
connected to large vacuum pumps which remove any 
traces of air or other gas from it so that the particles we 


_ wish to accelerate can move unimpeded. 


et aE has ihe 


If a compass needle is placed anywhere in the tank it will 
adopt a vertical direction, and if we try to tilt it it will 
resist with a force which is nearly the same everywhere 
(near the edge it is slightly less than at the centre). We say 
that there is a nearly homogeneous magnetic field in the 
tank, and we depict the field by drawing field lines which 
indicate, at every point, the direction which a compass 
needle would adopt. Fig. 3a shows a section through the 


_ tank and some of the field lines. 





In the absence of any electric or magnetic fields an 


FiG. 4.—The peculiar shape of a cyclotron 
magnet can be visualised if one imagines 
two horse-shoe magnets fused together and 
distorted as in this diagram. (from “Meet 
the Atoms’, O. R. Frisch, Sigma Books). 


C5 S& (04) 


263 


Mi{pi ii) SIAL SLL L ALS 
Yt: Le YtttA; 2 Ch hhd 
































-_ TTT 














~ ~ ~ ~ 
ULL Mihithttttitts 
4 / 
yA P Ys oF 4 / 














Fic. 3. 
cyclotron, showing magnetic field lines. 
arrows 


Cross-section through the pole plates of a 
The little 
indicate the: force acting on a circulating 
particle, the dotted line shows the median plane. 
(a) Homogeneous field, straight field lines, except 


near the edge. (5) Field increasing towards edge: 

field lines are curved so that the particles are driven 

apart. (c) Field decreasing towards edge, field lines 

curved to hold particles near median plane. (This 
design is used in practice.) 


electrically charged particle runs, of course, in a straight 
line, with constant speed. In a magnetic field its speed still 
remains constant, but its path is in general curved. The 
force which the magnetic field exerts on the moving particle 
is not in the direction of the field line (as the force acting 
on the tip of a compass needle). Instead, it is perpen- 
dicular both to the field line and to the direction in which 
the particle moves (a charged particle at rest is not affected 
by a magnetic field!). A particle moving horizontally 
in our tank will get all the time detlected to one side and 
will thus describe a circle. The faster the particle moves 
the less it is deflected, and indeed the radius of the circle 
described is in direct proportion to the speed. That 
has the consequence that the time required for one complete 
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turn is independent of the speed of the particle, a fact of 
fundamental importance for the operation of a cyclotron. 

To speed up our particles we now need an electric field. 
For this purpose two hollow semi-circular electrodes, 
called ‘dees’ for their similarity with the letter ‘D’, are 
mounted inside the tank (see Fig. 5) and connected to a 
high-frequency generator, about the size of an average 
radio transmitter. The generator (or oscillator) produces a 
voltage of about 50,000 volts between the dees, changing 
direction about sixty million times a second. The magnetic 
field H has to be adjusted (by gradually increasing the current 
in the magnet coils) until the particles we wish to accelerate 
—for instance protons, 1.e. hydrogen nuclei—circulate in 
the magnetic field at a rate of just thirty million complete 
turns a second. 

To produce protons for acceleration, a minute amount of 
hydrogen gas is admitted to the tank (corresponding to 
about one hundred-millionth of atmospheric pressure) and 
a beam of fast electrons, drawn from a white-hot tungsten 
filament, is sent down the centre of the cyclotron, causing 
some of the hydrogen molecules to be broken up (‘ionised’). 
The protons so liberated are drawn to whichever dee 
happens to be negative at the time, and then follow a 
curved path which crosses the gap between the dees once 
every sixty-millionth of a second; the electric field between 
the dees keeps changing sign at the same rate so that the 
protons are accelerated every time they cross the gap. As 
their speed increases their path becomes less curved, and so 
they describe what looks like a spiral but is really a succes- 
sion of ever widening semi-circles. A proton may easily 
make a hundred full revolutions and thus acquire energy 
corresponding to ten million volts although the potential 
applied to the dees is only 50,000 volts. 
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Fic. 5.—Tank and ‘dees’ of a cyclotron, the dees are 
held by insulators (op). The dotted line indicates the 
path of a particle, spiralling outwards as it 1s accelerated, 
The deflecting plate and its insulator (shown at the left) 
serve to deflect the particles when fully accelerated, so as 
to make them leave the cyclotron. (From “The Accelera- 
tion of Particles to High Energies’, Institute of Physics.) 
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Near the edge of the tank the magnetic field becomes 
weaker, and particles there take more time to describe a 
full circle; so they would quickly get out of step with the 
electric field which is driving them, and then would lose 
energy instead of gaining it. Therefore it is necessary to 
utilise the particles before they get too near to the edge. 
The simplest way of doing that is what we call an interna! 
target: the nuclei which we wish to bombard are placed 
inside the tank where they will intercept the particles on 
their spiral path. For instance, if we want to bombard 
beryllium we solder a small chunk of it to a copper tube 
which can be pushed into the tank through a hole made 
air-tight by a pair of rubber gaskets (Fig. 6). This arrange- 
ment allows one to push the tube in as far as one wants to 
and thus to intercept the particles when they have reached 
whatever speed one requires. The beryllium target is 
cooled by a flow of water through the copper tube, since 
the heating effect of the particles easily amounts to several 
kilowatts. 

A beryllium target is a convenient source of fast neutrons 
if it is bombarded with deuterons, i.e. nuclei of deuterium 
(also called heavy hydrogen). In order to change the 
cyclotron from protons to deuterons, one has to supply 
heavy rather than ordinary hydrogen to the tank: further- 
more one has to lower the frequency of the oscillator or 
make the magnetic field stronger (or both) in order to 
bring the deuterons into step with the accelerating field. 

Neutrons, having no electric charge, can easily pene- 
trate the inch or so of brass which forms the wall of the 
tank, and are available outside the tank to react with any 
nuclei which we may wish to expose to them. We must, 
however, be careful not to expose ourselves. The physio- 
logical effects of the neutrons close to an operating cyclo- 
tron are such that one hour’s exposure can be lethal. 
Cyclotrons are therefore always surrounded by ‘screens’ 
several feet thick, designed to cut the neutron density by a 
factor of a thousand or so; and experiments are always 
arranged so that nobody need be nearer than, say, 30 ft. 
while the cyclotron is operating. When the first cyclotrons 
were built the danger was not realised at first, and water 
tanks were installed later as makeshift screens. Modern 
cyclotrons are often installed underground, and _ thick 
layers of earths or concrete serve to protect the people who 
work with them. 

The importance of cyclotrons as neutron sources has 
been diminished by the development of chain-reacting 
uranium piles, which supply neutrons in vastly greater 
numbers. However a cyclotron, with its target of less than 
1 sq. in. in size, represents a much more concentrated 
source, and that is often important. Furthermore, by 
varying the target (by using lithium, boron, or some suit- 
able compound of deuterium) one can produce neutrons of 
different speed, and in particular neutrons faster than those 
coming from a pile. 

Neutron production is not always the purpose of a 
cyclotron experiment. A large variety of nuclei can be 
made radioactive by adding one more neutron, and that 
can often be done most efficiently by bombardment with 
deuterons. A deuteron, on hitting a nucleus, is apt to break 
up into its components—one neutron and one proton—and 
one of the two usually sticks to the nucleus. For instance 
by bombarding phosphorus with deuterons we form small 
amounts of a new kind—a new isotope—of phosphorus, 
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with an atomic weight of 32 instead of 31. While the 


_ jsotope P*'—of which ordinary phosphorus consists—is 


ee ee 


an ordinary stable substance, the isotope P*? is radioactive; 
its nuclei suffer spontaneous transformation, with emission 
of an electron which can be detected with a Geiger counter. 
From a large number of elements radioactive isotopes can 
be produced by the addition of a neutron. Of course that 
can also be achieved by direct neutron bombardment, and 
the enormous supply of neutrons from a chain-reacting 
pile beats the cyclotron in many cases but not in all. In 
particular, the fast particles from a cyclotron can cause 
nuclei to break up with the emission of a proton, neutron, 
or alpha particle, giving rise to a variety of radioactive 
isotopes many of which cannot be made in a pile. 

Pure phosphorus would rapidly evaporate under deu- 
teron bombardment; one often uses a target of iron 
phosphide, which is hard and refractory and has the addi- 
tional advantage that radioactive iron is formed as well. 
The phosphide is soldered on to a water-cooled copper pipe 
and inserted into the cyclotron so that the spiralling 
deuterons must strike it. After a bombardment of several 
hours or days (depending chiefly on the pressure of other 
work!) the target is taken out and handed to a chemist 
who separates the iron from the phosphorus and prepares 
chemical compounds of each. 

Sometimes the physicist wants to study the details of the 
disintegrations caused by the bombardment: the kind and 
speed of the particles emitted by the struck nucleus, their 
angular distribution, and so on. Such measurements are 
difficult in the confined space of the tank and in the strong 
magnetic field prevailing there. By means of a negatively 
charged plate close to the edge of one dee (seen on the left 
in Fig. 5) it is possible to deflect at least a fraction of the 


_ spiralling particles sufficiently so that they leave the tank 


sate nite 


altogether and travel through an evacuated pipe to a point 
several feet from the cyclotron, where all kinds of measur- 
ing gear can be set up in comfort. 

Two cyclotrons have been in operation in England since 
before the war, in Cambridge and in Liverpool. There are 
a few similar machines in European capitals, and several 
dozen in the U.S.A. The most common size of cyclotron 
has pole tips of about 3 ft. diameter; such a machine can 
accelerate deuterons to about ten million volts, or to a 
speed about one-tenth that of light. To do that one has to 
raise the magnetic field to a point close to the ‘saturation 
value’ of the iron pole tips, when even a small additional 
increase would require a lot more electric current in the 


| magnet coils. The only way of further increasing the speed 
_ of the deuterons is to use pole tips of bigger diameter, 


so as to accommodate the larger circles described by faster 


_ particles in the saturation field. This, of course, requires a 


magnet which is larger in every respect. The cyclotron in 


Birmingham, which was first operated early in 1950, has 
a magnet weighing about 200 tons, with pole tips of 5 ft. 


diameter. It has been used to produce deuterons of an 


_ energy of 22 million volts. That sort of energy is enough 


ce ee ever ne 





to attack all nuclei, even the heaviest, and to ‘chip’ them; 
real splitting (nuclear fission, the break-up into two abou} 
equal halves) can be caused in a few of the very heaviest 
nuclei, such as thorium and uranium. There is still a great 


deal to be done to elucidate these processes; but at the 


same time, a number of very interesting problems can only 
be tackled with particles of much higher energy. 
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FiG. 6.—Probe assembly for inserting a beryllium target 
into a cyclotron, where it is bombarded by deuterons, to 
serve as a source of fast neutrons. The two rubber 
gaskets shown in cross-section prevent air from leaking 
into the vacuum. The path of the deuterons is curved. 


It is possible to make magnets much larger than the one 
in the Birmingham cyclotron; but a new difficulty arises. 
According to Einstein’s Theory of Relativity (1905) a 
moving body weighs more than the same body at rest 
because its energy of motion (its kinetic energy) also has 
weight. This contribution is far too small to be measured 
for the fastest rifle bullet, but for the particles speeded up in 
a cyclotron it begins to matter. For instance the deuterons 
produced by the Birmingham cyclotron are about 1% 
heavier than deuterons at rest. This has the conse- 
quence that, for a given speed, they are deflected less by 
the magnetic field; they describe a circle which is 1% 
larger, and they take 1% longer to complete that circle. 
Thus it is not strictly true that “the time required for 
one complete turn is independent of the speed of the 
particle’’; the time gets gradually longer as the particle 
gets faster. A 1% increase may not seem much, but 
it means that the particle must complete its acceleration in 
less than a hundred revolutions, else it would get out of 
step. If we tried to double the energy of the particles, the 
acceleration would have to be done in fifty revolutions, or 
four times the energy gain in each single step; that would 
require four times the voltage on the dees and hence a 
transmitter of sixteenfold increased power' Since the 
transmitter is quite an expensive item even now, this way 
of doubling the energy is clearly impracticable. 

One might suggest making the magnetic field inhomo- 
geneous, increasing toward the edge. As the particles get 
faster they move out and get into a stronger field, which 
somewhat compresses their orbits, and it is indeed possible 
to arrange things so that a complete turn takes the same 
time for particles of any energy. Unfortunately that trick 
does not work. The reason is that the field lines would 
unavoidably become curved in the way shown in Fig. 3b. 
That does not matter as long as a particle moves accurately 
in the median plane; but if it were slightly off the plane the 
magnetic force would drive it even further away and the 
particle would soon hit one of the pole plates. Under those 
conditions only an extremely small fraction of the particles 
would start close enough to the median plane to stay the 
course. Indeed in practice one has to arrange for the 
magnetic field lines to be slightly curved the other way 
(Fig. 3c) so as to keep the particles near the median plane; 
of course that means that the field decreases slightly 
towards the edge, making the relativity trouble even worse. 

The trick that did finally overcome the difficulty again 
Originated with E. O. Lawrence in Berkeley, just as the 
original cyclotron. It is typical of Lawrence that he started 
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building his gigantic 4000-ton magnet before he knew how 
to deal with the relativistic mass increase; he felt sure that 
some way would be found, and he was right. 

In the new ‘synchro-cyclotron’ or F.M. cyclotron (F.M. 
stands for ‘frequency modulated’) the frequency’ of the 
electric field is made to vary continuously between a lower 
and an upper limit, about a thousand times a second. The 
magnetic field is so adjusted that the frequency near its 
upper limit is just right for slow deuterons. Every time the 
frequency touches its upper limit, deuterons start spiralling 
outwards from the centre; as they gain speed their circu- 
lating frequency gradually decreases, but so does the fre- 
quency of the electric field, and it is not difficult to arrange 
for the particles to remain in step even though they may 
have to make several thousand revolutions. Actually their 
motion is self-synchronising: particles which have gained 
too much energy get slightly out of step and then gain 
energy at a lower rate until the oscillator has caught up. 

Another small but significant change of design is that the 
synchro-cyclotron has only one dee; the tank and pole 
plates play the role of the other dee. Apart from being 
advantageous electrically, this construction leaves one 
half of the tank completely empty and available for the 
introduction of measuring equipment, probes, etc. 

The Berkeley 184-inch synchro-cyclotron has been 1n 
operation since 1946; a smaller but similar machine has 
come into operation in this country, at the Atomic Energy 
Research Establishment at Harwell. 

To produce the variation in frequency, a tuning con- 
denser is used, as in a radio set; only instead of turning it 
slowly by hand it is spun rapidly by a motor, and both its 
stationary and rotating plates are provided with teeth 
which make its frequency go up and down rapidly, about 
a thousand times a second. Every time the frequency 
touches its maximum a swarm of particles starts to spiral 
outwards, reaching the edge of the magnet about one-two- 
thousandth of a second later. The machine has been used 
to accelerate deuterons to about 190 million volts, alpha 
particles (helium nuclei) to twice that energy, and more 
recently protons to about 340 million volts. 


Such protons have a speed which is 65% of the 


highest speed which any material body can achieve, the 
speed of light, and it is doubtful whether much higher 
energies will be reached with cyclotrons. The size and cost 
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FiG. 7.—The Berkeley 184-inch 
synchro-cyclotron (From ‘Science 
in’ Progress’, Sixth Series, Yale 


University Press). 


& - 


of the magnet becomes prohibitive and the required fre- 
quency variation becomes very large. It is then more 
economic to use a ring-shaped magnet and to make not 
only the frequency but also the magnetic field variable: 
such a machine is called a synchrotron, and a description 
of its chief variants will be given in another article. 

The new scientific results obtained with the Berkeley 
synchro-cyclotron are too numerous to be discussed in 
detail here. By the impact of its high-energy particles, 
atomic nuclei can be made to suffer much more extensive 
damage than previously; as a result, a vast number of new 
radioactive isotopes have been produced, the large majority 
of which still awaits proper investigation. It has been 
stated that a one-ounce bottle of any chemical element, 
placed near the Berkeley machine for a few hours, provides 
a large team of physicists and chemists with work for 
many months! In this respect the power of the synchro- 
cyclotron is really embarrassing, and it may be some years 
yet before enough order appears in the present welter of 
new isotopes to allow the true scientific value of these 
observations to be assessed. 

In another kind of work, however, the synchro-cyclotron 
has already yielded results of the greatest importance. 
The fundamental problem in nuclear physics nowadays is 
the nature of the forces which are holding the protons and 
neutrons in a nucleus together. These forces are very hard 
to study in detail because the range over which they act 
is extremely small: less than 10-'* cm. Many of the experi- 
ments we can make give only indirect evidence; among the 
most direct ways is the study of the deflection suffered by 
fast protons or neutrons on passing through hydrogen 
(by collision with the hydrogen nuclei—protons—present). 
The synchro-cyclotron has allowed us to push these experi- 
ments to much greater energy and thus to get much more 
complete information. Furthermore, it is thought that the 
nuclear forces are related to certain short-lived particles, 
so-called mesons, which are intermediate in weight 
between electrons and protons. Until recently, mesons 
were available in the cosmic radiation only, in small 
numbers; in the synchro-cyclotron they can be produced 
in large numbers and under controllable conditions, and 
the study of their properties is progressing rapidly. 

(This is the first of three articles by Prof. Frisch of the Caven- 
dish Laboratory on modern ‘ato n smashing’ equipment.) 
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Heaviside’s Lost Manuscript 


A. K. ASTBURY 


AT the recent celebrations in Britain of the centenary of 
the birth of Oliver Heaviside news was given of the dis- 
covery, and deciphering, of Heaviside’s notes for his fourth 
and unpublished volume of Electromagnetic Theory. The 
manuscript intended for the publisher was lost, and it was 
not until the summer of 1949 that a draft of a substantial 
part of the intended fourth volume was discovered. As a 
result of war damage the notes were in a sodden condition, 
covered with mud, soot and mildew and firmly stuck to- 
gether; months of expert attention were | 
needed to assemble the notes in legible + 
form. 

Finally the manuscript was examined 
by Mr. H. J. Josephs, head of the mathe- 
matical group at the Post Office Re- 
search Station at Dollis Hill, London, 
who in a paper delivered on May [8 at |. 
the Heaviside centenary meeting held | ™ 
in London by the Institution of Electri- 
cal Engineers assessed the significance | 
of the discovery. | 

‘“Heaviside’s object in writing this 
fourth volume,”’ said Mr. Josephs, ‘“‘was 
to develop a unified theory in which 
electromagnetism was correlated with 
the atomic structure of mass properties 
and gravitation. He covers a wide field 
and develops a new calculus of oper- 


the nature of energy and matter. Many of the theorems 
are new and will provide work for mathematicians of the 
future. It is clear from these notes that Heaviside was 
trying to discover how electrons are made and what goes 
on inside atoms: he was beginning to think in terms of 
Statistical discontinuity in nature and had come to regard 
physical laws as statistical throughout, based on the natural 
tendency of matter to go over into a state of atomic dis- 
order.”’ 

The first volume of Electromagnetic Theory was pub- 
lished in 1893 and the second volume in 1899. In the 
preface to the first edition of the third volume Heaviside 
stated it had been his intention (if circumstances had been 
favourable) to publish the third volume in 1904 and the 
fourth in 1910. But circumstances had not been favourable: 


| his third volume was not published until 1912, while the 


fourth and concluding volume was never published. 
Mr. Josephs told the meeting about the discovery of a 


_ manuscript draft of part of the fourth volume. He said that 
_ Many of the pages were in a damaged and illegible con- 
| dition, but these are receiving expert attention, and it may 
| later become possible for the Institution to sponsor publi- 
| cation of a substantial part of the volume in Heaviside’s 


89 Ge 


own words. 

“During the preparation of the first two volumes of 
Electromagnetic Theory,” continued Mr. Josephs, ‘“‘Heavi- 
side, like other Victorian physicists, assumed that matter 


| consisted of indivisible atoms which, by definition, were 





the smallest conceivable particles; and his thought was 
dominated by the Faraday-Maxwell interpretation of 
electrical phenomena as a series of stresses in a continuous 
medium. After his deduction (from Maxwell's theory) of 
the discontinuous nature of the flux of energy, Heaviside 
began to have doubts about the correctness of the Faraday- 
Maxwell viewpoint, and his beliefs were further shaken by 
the discovery of the electron in 1897. His uneasy state of 
mind was reflected in the speculative nature of the articles 
: : he included in his third volume. These 
unrelated articles, however, gave no idea 
of the nature of the work he intended 
to publish in his fourth volume of 
Electromagnetic Theory. 

““A close study of Heaviside’s un- 
published notes and letters shows clearly 
his desire to discover what goes on in 
ihe interior of atoms and how electrons 
, are made. After deducing the relation- 
ship between mass and energy from 
Maxwell’s theory Heaviside appears to 
have extended his conception of energy 
tubes to include their contraction and 
condensation into electronic particles. 
Thus he was compelled to modify some 
_ of his ideas concerning the fundamental 
| principles of ponderable matter. These 
researches led him to formulate a unified 
§ field theory in which electro-magnetism 
is correlated with mass properties and 
there is a reciprocal relationship between radiation and 
matter.” 

From his early published work it appeared that Heaviside 
localised gravitational energy in space, said Mr. Josephs. 
‘But in the early years of the twentieth century Heaviside, 
as a result of his deduction of the discontinuous nature of 
the flux of energy, had come to regard gravitation as a 
cosmic phenomenon of a statistical kind produced by a 
galactic radiation of ‘energy-tubes.” Heaviside’s deduction 
of the ‘grainy’ nature of radiation was followed by his 
realisation that the laws of physics are statistical through- 
out. This statistical conception was somewhat unusual at 
that time; the great majority of Victorian physicists be- 
lieved a physical quantity had an exact value and a physical 
law was an exact mathematical relationship. Heaviside’s 
calculations showed, however, that he had come to regard 
a physical quantity as a statistical distribution and a 
physical law as a Statistical correlation. 

“It was apparent from Heaviside’s notes that he was 
acutely aware of the fact that the pressure of radiation 
produced by galactic ‘energy-tubes’ remained to be proved. 
It must be noted, however, that his conception of galactic 
radiation, like his conception of a reflecting layer in the 
upper atmosphere, was based on a rigorous mathematical 
analysis of ideas embodied in Maxwell’s electromagnetic 
theory. Heaviside’s theory demanded for its development 
mathematical ability and imagination. In his mind’s eye 
Heaviside saw the earth as a minor planet of a minor star 
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which is one of many millions of stars in a galaxy which 
itself is only one of many millions of galaxies; and, as a 
consequence of the radiant energy-mass relationships 
existing in this cosmic system, he saw the earth bombarded 
by galactic energy radiation from all directions in space. 
In other words, he imagined that all space was filled with 
energy tubes, moving in straight lines according to Newton’s 
first law, and in all directions, with the speed of light. A 
single planet alone in space would be subject to a rain of 
these galactic energy-tubes from all directions at once and 
so would remain still. But two planets in space would 
screen each other from the galactic rays coming in particular 
directions. Consequently the galactic energy-density in the 
space between the two planets would be reduced and so 
they would be urged towards each other. If the two planets 
approached closely, the galactic energy-density in the space 
between them would tend to its minimum value, while the 
force of gravity would tend to its maximum value; but if 
the two planets separated indefinitely, this energy-density 
would tend to its maximum value, while the force of gravity 
would tend to its minimum value in accordance with 
Newton’s law. .. . 

“Thus Heaviside traced gravitation to the screening (or 
absorbing) effect of matter on galactic radiation. His 
hypothesis was an attempt to explain the real cause of 
gravitation and some of hs calculations indicated that he 
rega:ded gravitational and electromagnetic fields as the 
symmetrical and antisymmetrical parts of more general 
circuital equations. Reference to his published work... . 
shows that his fundamental gravitational expressions are 
of the same mathematical form as his electromagnetic cir- 
cuital laws. 

‘“‘A few years after Heaviside’s death, Einstein, in formu- 
lating his unified theory, which includes both electro- 
magnetism and gravitation as the symmetrical and anti- 
symmetrical parts of a general tensor field, has confirmed 
many of Heaviside’s ideas.” 

Elaborating later on his remarks, Mr. Josephs told me 
that Einstein’s method of establishing the field equations was 
very different from Heavy side's. ‘Einstein’s analysis, like 
Heaviside’s,”’ he said, “‘clearly shows that the ideas of curved 


4 
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space are unnecessary for the development of a unified field 
theory that excludes atomic phenomena. Apparently this is 
not true if the unified field theory has to be extended to in- 
clude the atomic structure of mass characteristics. Einstein 
does not appear to have discussed the problem of complete 
unification; but Heaviside’s unpublished notes show that 
he spent several years studying this problem and actually 
arrived at a solution. This solution may be regarded as 
Heaviside’s greatest intellectual achievement.” 


* * * * * 


Most of Heaviside’s original work was done in the top 
room of a (since) bomb-damaged house in St. Augustine’s 
Road, Camden Town, London, N.W.1. Here, in his 
parents’ house, he started to study at ten o’clock at night 
and worked until the small hours of the morning. If he 
was working during the day his mother left his meals out- 
side the door in order not to disturb him. 

Heaviside made no money from his epoch-making 
inventions, and towards the end of his life, in Torquay, he 
lived as a recluse. In old age he became hard of hearing 
and his food was bought for him by a friendly policeman 
who used to blow his whistle through the letter-box of the 
front door to attract Heaviside’s attention. Heaviside 
suffered a good deal from the cold at Torquay and used 
to spend about £100 a year on heating the house with 
gas. A visitor once related that he liked to work ina 
room “hotter than hell’, closing the door and windows, 
lighting a gas fire and an oil stove, and then smoking 
his pipe! 

Sir George Lee, who spoke at the centenary celebrations 
on “Oliver Heaviside—The Man”’ recalled these and other 
stories of Heaviside in his talk. Sir George related how 
Heaviside scorned honours and awards, commenting in a 
letter on one occasion, “‘Of late years there has been a 
perfect flood of new honours, and even the women have 
caught the plague . . . If I were offered a Dukedom I might 
take it, having already an estate properly mortgaged up to 
its full capacity; and I should think I was doing the tribe 
of Dukes an honour by joining it; besides that I should 
derive great amusement from the transaction, 
and eat my rations with more zest!”’ 

Heaviside had all the native Londoner's 
quick-wittedness and intolerance of the false 
or affected. Among a number of books 
from his library which were exhibited dur- 
ing the centenary celebrations was one on 
cycling, in which the author remarked, “It 
has been shown that it is theoretically desir- 
able to lower the gear of the cycle while 
riding uphill.” Heaviside’s pencilled com- 
ment in the margin was, “‘Lord! It doesn't 
want showing. The learner finds it out on 
first go. It is practically desirable.” 


Piecing together the tattered fragments 
of the manscript of Heaviside’s fourth 
volume. 


—_——_—_ —_—— 
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Unesco’s Crisis 


Most newsworthy event at the Fifth 
Session of Unesco’s General Conference 
at Florence in June was the proffered 
resignation of the Director-General, Dr. 
Jaime Torres-Bodet, the withdrawal of his 
resignation and the remarkable statement 
that accompanied it. This statement has 
not been given its full value in the general 
press, but it is a document which merits 
serious consideration for it reveals what 
lies behind the “‘crisis of Unesco”’. 

Unesco was founded in the post-war 
flush of enthusiasm when it was believed 
that nations with differing ideologies 
could work together forthe common good. 
The U.S.S.R. from the first refused to have 
anything to do with Unesco. 

With the deterioration in international 
relations and the ‘cold war’ it has been 
clear for some time past that Unesco 
would be in for a rough time. This 
became clear when Senator William Benton 
made a speech in which he declared that 
Unesco must cease to attempt to bea bridge 
between East and West, but become a sort 
of ‘cultural OEEC.’ 

Meanwhile, the Director-General for 
some time past has been showing signs of 
impatience with the manner in which he 
has been badgered at recent conferences. 
The English-speaking countries in the 
main have been the severest critics, with 
continuous demands for cuts in the Budget 
and a pruning of the programme, which 
admittedly has some rather straggly and 
weak offshoots. 

Dr. Torres-Bodet at the Paris Confer- 
ence last September expressed his desire 
to have Unesco undertake some specific 
activity which would arouse the peoples 
of the world in support of the United 
Nations and peace. The various member- 
States were indeed circulated with a re- 
quest to propose some specific action. 
Czechoslovakia, Yugoslavia, and Belgium 
did so. The Conference turned them all 
down: and the British and American 
delegates insisted that the general pro- 
gramme of Unesco was in itself a.contri- 
bution to peace. 

It was then that Dr. Torres-Bodet gave 
a strong hint that he would consider 
resigning. He did not actually use the 
word ‘resign’, but said that they “might 
consider finding a successor to him.”’ He 
then wrote a letter to the President of the 
Conference, Count Jacini. What the 
content is remains a close secret. But it 
did result in the heads of the 44 delega- 
tions present calling a meeting and then 
unanimously asking him to come back. 
It is clear that many would have preferred 
not to have done this, but there was no 
alternative immediately. 

Torres-Bodet in his speech after this 
made three main points: first, that Unesco 
shall continue to work within the frame- 
work of the UN; second, that Unesco shall 
continue to support the principle that all 
nations whatever their ideology can become 
members; and third, that the Budget 
must be increased. 

“The man whom you elected and who 


is speaking to you here has never thought 
that his role was to take sides in this dis- 
cussion for or against this or that proposal, 
for or against this or that thesis, nor to 
presume to be a censor of the Govern- 
ments which have such heavy responsi- 
bilities in the present conjuncture of the 
world. But, the loyal executor of your 
decisions, I consider that my loyalty itself 
would be valueless if it had to involve an 
abdication before my own conscience,” 
he said. 

The Director-General is back, but there 
are few who expect a lull at Unesco. The 
battle for its future is still on. 

What else did this General Conference 
do? It elected Count Stefano Jacini of 
Italy chairman of the executive board for 
1950-1 (and this excited the protests of 
the Yugoslavs against an executive board 
consisting mainly of ‘Westerners’); it 
adopted Spanish as a working language 
(in addition to French and English); it 
authorised the Director-General to estab- 
lish a system of priority projects; it agreed 
to have member-States ratify a new inter- 
national agreement freeing books, paint- 
ings, documentary films and a wide range 
of other educational and scientific mater- 
ials from import duties; it agreed to 
sponsor a 1951 symposium in Israel on 
‘Conquering the Desert’; it approved a 
major programme for Western Germany 
(submitted by the American delegation); 
it undertook to begin a pilot study in 
Brazil on racial problems; and approved 
a Budget of 8-2 million dollars. 

Unesco is empowered to participate in 
the Technical Assistance Programme of 
the United Nations. Requests for assist- 


ance have already been received from five 
member-States officially, and unofficially 
from many others. 

Following the suggestion by the Ameri- 
Professor Isidor I. 
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Planned’’) it was agreed that Unesco help 
to organise research centres in Western 
Europe and elsewhere in the world into 
newer knowledge in physical and other 
sciences. The funds should come from 
Governments and private sources in each 
region involved. This is a rather startling 
change in Unesco’s Natural Sciences 
programme, which up to the present has 
never concerned itself directly with 
research but has always provided the 
funds to stimulate it. 

The Field Science Co-operation Offices 
have struck the imagination of all dele- 
gations, and a 25,000 dollar budget 
increase was decided on for them, the 
money to come from economies in other 
parts of the Unesco programme. 

After a long discussion, the principle of 
a local system of salary scales was adopted. 
This means that from 1951, lower grade 
staff at Unesco are no longer to be re- 
cruited on a salary scale based upon the 
UN but upon one based upon the best 
prevailing local salaries. 


International ‘Harwell’ Planned 


THE idea of establishing an international 
nuclear research centre in Western Europe 
was approved unanimously at the confer- 
ence of Unesco held in Florence in June. 
As approved, the proposal provides 5000 
dollars of Unesco funds for work involved 
in selecting and financing a site and other 
expenses. 

The proposal was put forward by Pro- 
fessor Isidor Rabi, U.S. delegate and 
Nobel Prize winner, who stated that the 
desire of leading U.S. scientists was to 
have the strong competition from other 
scientists in creative research on behalf of 
peace. He said: 

“We scientists in the United States, and 
to a lesser extent, scientists in the United 
Kingdom, possess instruments of research 
which do not exist in other parts of Wes- 
tern Europe or elsewhere in the world. 
Nor can they exist under the present 
circumstances because they are too expen- 
sive. Therefore, we propose that Unesco 
use its good offices to get nations together 
on a regional basis, in order to make 
possible the establishment of creative 
research facilities comparable to those in 
the United States. Moreover, we very 
much want to help remove the sense of 
frustration which very understandably is 
growing among scientists in countries 
which do not have the material means 
which we have in the United States.”’ 

Professor Rabi said he hoped the centre 
would be able to have a large cyclotron 
and a synchrotron similar to those in the 
United States, as well as a complete com- 
puting laboratory. He added that he did 
not believe Unesco should operate such 
research centres but that it should “‘get 
them started and see that they were kept 
going.” 


$20 Million for ‘Fourth Point’ Programmes 


TECHNICAL assistance programmes (see 
Discovery, June 1950, p. 182-3), were the 
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Bavfordbury, new home of Britain's premier genetics research station, the John Innes Horticultural Institution, which 


has moved there from Merton Park. 
(which dates back to 1759) houses the research laboratories. 


It was officially opened on June 2 by Lord Cranbourne. 
There is abundant space for plant-breeding work; the 


The SO-room mansion 


mansion stands in 372 acres of parkland, a hundred of which have already been taken into cultivation for fruit, vegetables 


and ornamental plants. 


Experimental glasshouses have been built; these will make it possible to settle scientifically 


which are the best methods of glasshouse construction, and they are designed so that facts can be collected as to the 
effects of varying illumination and ventilation. The station has just started a national collection of the different species 


subject of a three-day United Nations con- 
ference at Lake Success in June. Before 
the conference ended it was announced 
that the governments represented at Lake 
Success had pledged 20 million dollars for 
an expanded programme of technical aid 
to under-developed countries. The British 
contribution will be £750,000; America 
has promised 124 million dollars. 


Electronics Exhibition 

THE Electronics Section of the Scientific 
Instrument Manufacturers’ Association 
holds tts Annual Exhibition and Sym- 
posium at the Examination Hall, Queen 
Square, London, W.C.1., from September 
5 to September 8. A series of technical 
papers will be read by specialist scientists 
and engineers. Also there will be a com- 
prehensive display of the latest types of 
British scientific and electronic instru- 
ments, most of which will be shown in 
operation during the period of the 
exhibition. Entrance will be by ticket of 
admission (covering also the exhibition), 
obtainable on application to the Secretary 
of the Scientific Instrument Manufac- 
turers’ Association, 17, Princes Gate, 
London, S.W.7. Entrance to the exhibi- 
tion can be secured on presentation of a 
trade card. 


D’Arcy Thompson’s Successor 


THE chair of natural history at the Uni- 
versity of St. Andrews, vacant since the 
death of Sir D’Arcy Thompson in June 
1948, has now been filled. The new pro- 
fessor is 33-year-old Dr. H. G. Callan, of 
The Animal Breeding and Genetics 
Research Organisation, Edinburgh. 


of roses. 


From King’s College School, Wimble- 
don, he went to Oxford University to study 
zoology. He has since specialised in the 
cytology of cell nuclei and chromosomes, 
working first at John Innes Horticultural 
Institution and then at Edinburgh. He is 
also interested in marine biology, and 
spent a period at the famous Stazione 
Zoologica at Naples. During the war he 
served for 5 years as a radar officer in the 
R.A.F., and from this experience gained 
an insight into the way modern physical 
techniques can be applied to research on 
biological problems. 


Television Exchange with France 


INTERCHANGE Of television programmes 
between France and Britain is technically 
practicable, and the Radio’ Industry 
Council has informed the Postmaster- 
General that it is prepared to install and 
maintain a television link across the 
Channel for a trial period. British and 
French television differ in the number of 
lines on the picture, but this is not con- 
sidered to offer any insuperable obstacle 
to interchange of programmes. 


Rubber Research Centre Opened by Bragg 


THE Dunlop Research Centre at Fort 
Dunlop, Birmingham, was officially opened 
on June 7. The largest rubber research 
Station in the British Commonwealth, it 
is organised to provide data on industrial 
research and development for the Dunlop 
enterprises throughout the world. 

Total staff employed at the Centre is 
about 260, a large proportion of whom 
are graduates. Director of research is Mr. 
F. G. W. King. 


The opening ceremony was performed 
by Sir Lawrence Bragg of the Cavendish 
Laboratory, who made a provocative and 
witty speech. He expressed disagreement 
with those “‘who say it would be a good 
thing to plan science a little and turn 
scientists on to something really useful.” 
He commented: “It is rather interesting 
to see the fierce reaction on the part of the 
scientist to any suggestion of that kind. 
Why does he react so fiercely against that 
heresy? Because he knows that that is the 
death of scientific advance. Technology 
is as old as mankind itself. We only have 
to look on the vast improvement in the 
flint industry between palaeolithic and 
neolithic times. Science is something 
quite new, relatively new, which started 
roughly 300 years ago.” 

The discovery that made science 
possible, said Sir Lawrence, was that if 
you did not bother about what the use 
was likely to be of what you were finding 
Out you got on exactly 100 times faster 
than if you did. ‘Pure science is the pur- 
suit of knowledge the use of which is not 
yet clear; technology is the exploitation of 
knowledge when a possible use for it 
becomes clear. Pure science is the recon- 
naissance flight made to see what lies 
ahead of us; technology is the army which 
advances and occupies the ground. To 
try to stop finding out new knowledge for 
its own sake and to say that the people who 
do it ought to be thinking of the uses to 
which it can be applied is like telling a 
general that he ought to d-. away with his 
reconnaissance because it is not killing the 
enemy. j 

‘““There is one sense in which the scien- 
tists are wrong in withdrawing into their 
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It is our duty to digest, 
arrange and simplify this new knowledge 
so that it can be readily apprehended by 
anybody who is interested. That is a duty 
which I have always tried to take very 
seriously, and that is where the strongest 
link exists between university scientists 
and those in industry. 

“The new development in industry, it 


~ seems to me, is not made by science. The 


nucleus 1s provided in another way. It is 
an act of invention. It is an idea which 
comes to somebody who is deeply con- 
versant with the needs, the conditions and 
the restrictions of industry and realises 
that some new thing is a desirable thing 
to do. That is an act of invention. But, 
viven that nucleus, science makes all the 


3 difference to the rate at which it grows, 


and it is when we think of it that way that 
we see the right relationship between the 


two. Science may suggest a means of 


realising the act. It may test whether the 
way it is proposed to do it is the most 


efficient way. It may transform it entirely 
and improve it. 


The idea comes to the 
inventor as some faint ripple in the ether; 
science is the bank of amplifying valves. 
It is extremely important always to re- 
member that science is a superstructure 
and not a foundation in industry.” 


Spontaneous Generation in Russia? 


“SPONTANEOUS GENERATION” of living 
matter has been looked upon as an ex- 
ploded theory, but the whole question 
appears to have been reopened as a result 


of the report which Prof. Olga Lepe- 


shinskaya has given of her researches to 
the U.S.S.R. Academy of Sciences. Ac- 
cording to Soviet News, she has proved the 
possibility of the development of biological 
organisms and cells from the structureless 
albumen of eggs of various birds. ‘This 
research proved that egg albumen is not 
merely a lifeless nourishing medium, but 
living matter capable of developing and 
forming cells.” 

The work carried out by Professor Lepe- 
shinskaya and her colleagues earned the 
acclamation of Soviet academicians. Thus 
Academician T. D. Lysenko has said that 
the data obtained by Professor Lepe- 
shinskaya in studying the origin and 
development of the cells of living matter 
constituted a major contribution to the 
development of the theory of Soviet 
Michurin biology. 

The meeting of the Academy to which 
the paper was presented recommended 
Soviet biologists, agrobiologists and 
medical workers to start wide-scale 
research in the field of the development of 
living matter and its non-cellular form and 
to utilise in medicine and agriculture the 
results achieved by Professor Olga Lepe- 
shinskaya and her colleagues. 

Commenting on Prof. Lepeshinskaya’s 
claims in the Literary Gazette (May 6, 
1950), G. M. Boshyan, biochemical 
director of the All-Union Institute of 
Veterinary Research, says: 

‘*“A serious revision of some of Pasteur’s 
tenets also became necessary as a result 
of our work. The establishment in science 
of Pasteur’s conclusions have delayed by 
about a century, the correct solution of the 
problem of generation and maintenance 


of life. We have proved the falsity of 
Pasteur’s main thesis that boiling destroys 
all living organisms. ... Tests carried out 
prove the high degree of stability and 
adaptability of micro-organisms.” 


New Heart Operation 


SPECTACULAR success has been achieved 
with a new kind of heart operation per- 
fected at Guy’s Hospital. The operation 
is designed to overcome obstruction of the 
mitral valve, the mitre-shaped valve which 
guards the orifice between the left auricle 
and ventricle. The orifice is enlarged, the 
obstructed valve being cut in such a way 
as to give “two mobile flaps that can 
certainly function no less and probably 
more efficiently.’’ According to the article 
describing the new technique in the 
British Medical Journal (June 3, 1950, 
p. 1283), nine such operations have been 
performed with seven successes. 


A Chemical Industry Centenary 


IN June the Merseyside town of Widnes 
celebrated the centenary of the founding 
of its chemical industry, which employs 
about a third of the town’s total industrial 
population. 

The two first chemical works in Widnes 
were built in 1847. One, making borax 
and later soda, was started by a Glasgow 
man, John McLellan. The other, and more 
important, was founded by John Hutchin- 
son and Oswald Earle. Hutchinson’s 
No. | works, as it was later called, was the 
first in Widnes to use the Leblanc process 
for the manufacture of alkali. (It has long 
been a mistaken tradition in the town that 
James Muspratt, whose son had an alkali 
works at Woodend, founded the local 
Leblanc industry, but in fact his works 
were not built until 1852.) In 1850 a third 
pioneer entered the field, William Gos- 
sage, who erected a small soda works on 
the other side of the Widnes-St. Helens 
Canal. 

By 1850, Hutchinson was employing 
about 100 men in No. 1 works, Gossage 
was operating in a small way, and 
McLellan was making borax at his North 
British Chemical Works. It is reasonable, 
therefore, to date the beginnings of the 
Widnes chemical industry from this year, 
although strictly it might be taken as 
beginning in the summer of 1847, when 
Hutchinson’s No. | works was erected. 

Another important works was started 
in 1853, when Hutchinson’s Works 
Manager, Henry Deacon, broke away and 
formed a partnership with William Pilk- 
ington. Deacon wanted to exploit the 
ammonia-soda process instead of the 
Leblanc, and quarrelled with his partner. 
Deacon then entered into partnership 
with Holbrook Gaskell, who insisted on 
using the conventional Leblanc system. 
The present Gaskell-Marsh group of 
works of I.C.I. General Chemicals 
Division stands on the site of Deacon’s 
original factory. 

The Widnes research laboratory, now 
the main laboratory of the General 
Chemicals Division of I.C.I., has been the 
hub of the local heavy chemicai industry 
since it was started in 1891. It assisted in 
the change-over from the Leblanc soda 
processes to the modern production of 
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chlorine by the electrolysis of salt and in 
the development of the many organic 
and other products now derived from 
chlorine. 

Among the materials on which the 
laboratory has worked recently are the 
fluoro-chloromethanes (produced com- 
mercially under the name of ‘Arctons’), 
and polytetrafluoroethylene (‘Fluon’), a 
plastic possessing phenomenal insulating 
powers. 


A Planetarium for Armagh 


Dr. E. M. Linpsay, Director of Armagh 
Observatory has announced that the 
Governments of Northern Ireland and the 
Irish Republic have agreed to build a 
planetarium at Armagh. The planetarium, 
which will be able to seat about 150 
people, will have a roof 60 ft. in diameter. 


Science and Adult Education 


TuToRS in adult education recently met 
in London under the guidance of Sir 
Robert Watson-Watt to discuss science 
and the modern world. Tutors of history 
social studies and natural science were 
present, and the part that science might 
play in the education of men and women 
seeking to understand better the society 
in which they live was discussed in the 
light of their varying experiences. 

By way of introduction Sir Robert 
described the nature and method of 
scientific investigation, and discussed its 
motives and justification. This led to 
consideration of the characteristics of 
scientists as a body of men. Questions 
were posed as to how and why scientists 
have become remote from the community, 
and whether their products were wanted 
by their fellows. Could the present an- 
tagonism between scientists and their 
fellow men be resolved, and could adult 
education help in this? 

In subsequent discussions scientists 
offered their special contributions of 
knowledge and opinion in the light of 
these questions. Discussion grew up 
around particular issues, such as the 
world’s continuing ability to supply 
growing populations with food, scientific 
correlation between the fields of textiles, 
biology and medicine in terms of the study 
of molecular architecture, genetics and 
the study of man, and the philosophical 
questions that arise when science is com- 
pared with the humanities. 

It was most interesting as the week-end 
proceeded to observe tutors in history 
and sociology becoming aware of science 
as something more than a collection of 
results. Indeed science as a method having 
cultural as much as utility value came to 
be the keynote of the conferences. It was 
commonly held that if science could be 
taught in this fashion then it had great 
possibilities in adult education. But to 
provide such teaching many more persons 
having the ability to expound science as an 
adventure must be sought and found from 
amongst scientific workers. In courses of 
that kind the contacts of science with 
history, and with current affairs would 
need to be discussed frankly and impar- 
tially. Adult tutors in other disciplines 
must also be encouraged to familiarise 
themselves with the bearing of science 
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upon their own subjects. They could then, 
where relevant, introduce it to 
students as a subject of study for succeed- 
ing courses. University extra-mural de- 
partments could help here. 

In general it was felt that educationists 
carry much responsibility for the present 
neglect of science as anything more than a 
milch cow. The teaching of science, and 
about science in schools needs to be recon- 
sidered in relation to objects and methods. 
This ts urgently needed both in the 
interests of future scientists and of ordin- 
ary men and women. But the conference 
also considered that the pride of the 
scientist too often stands between him 
and the community, and that this can be 
as great an obstacle to co-operation as 
any difficulty of the ordinary man to 
understand science. Whilst the present 
situation doubtless reflects long-standing 
inadequacies in the education of scientists 
as a group, everything possible must be 
done now to pursuade and assist scien- 
tific workers to prepare themselves as 
interpreters of their work in terms of the 
language and experiences of everyday life. 
There is an enormous field here, awaiting 
cultivation on a part-time or whole-time 
basis of employment. In the process it 
will need to be made much more evident 
that science directs itself as much to the 
satisfaction of intellectual and aesthetic 
needs as to the provision of material well- 
being. 


Night Sky in August 

The Moon.—New moon occurs on Aug. 
13d 16h 48m, U.T., and full moon on 
August 27d 14h 5lm. The following 
conjunctions with the moon take place: 


August 
11d 15h Venus in con- 

junction with 

the moon Venus 5 S. 
15d 18h Mercury ,, Mercury 2 S. 
15d 20h Saturn ., saturn I’ ON, 
19d 04h Mars ,, Mars 3° ON. 
27d 12h Jupiter , Jupiter I N., 


In addition to these conjunctions with 
the moon Mercury ts in conjunction with 
Saturn on August 16d 22h, Mercury 
being 3-5 S. 

The Planets.—Mercury sets less than an 
hour after the sun on August | and 15 
minutes after the sun on August 31, and is 
badly placed for observation during the 
month. Venus rises about 2 hours before 
sunrise throughout the month, and can 
be seen in the early morning hours, Stellar 
magnitude —3-3 and more than nine- 
tenths of the illuminated disk visible 
throughout the greater part of the month. 
Mars set at 22h 05m on August | and at 
20h 40m on August 31, but is rather close 
to the sun, which sets at 19h 50m and 18h 
50m on the above dates, to be seen for 
long in the evening hours. Jupiter rises at 
20h 50m, and 18h 40m at the beginning 
and end of the month, respectively, and 
can be seen throughout the night and 
early morning hours in the constellation 
of Aquarius. The planet is in opposition 
on August 26, that is, the sun, earth and 
Jupiter are nearly in a line then so that 
Jupiter rises about the time of sunset and 


their 


sets about the time of sunrise. Saturn sets 
at 21h 10m on August | and is visible for 
a short time after sunset in the constella- 
tion of Leo near the star o, but is drawing 
closer to the sun and at the end of the 
month sets only half an hour after sunset. 

There are many interesting constella- 
tions that can be studied in August. 
Perseus has a certain interest during this 
month because of the shower of meteors 
known as the Perseids, which is most 
active about August 10-12: but meteors 
belonging to this shower can be seen for 
a week or two before and after these dates. 


A Course in Public Health Engineering 


A NEW and important post-graduate 
course in London University will com- 
mence in October this year, when the 
Imperial College of Science and Tech- 
nology in co-operation with the London 
School of Hygiene and Tropical Medicine 
will offer for the first time a year’s full- 
time course of instruction in Public Health 
Engineering. The course will be centred 
on the Civil Engineering Department of 
the City and Guilds College (which is one 
of three constituent colleges of Imperial 
College), and will be supervised by 
Professor A. J. S. Pippard, head of the 
Civil Engineering Department. He will 
have the benefit of the advice of a com- 
mittee including representatives of pro- 
fessional and scientific bodies and inde- 
pendent members concerned with Public 
Engineering. In addition some subjects 
(e.g. tropical health) will be taken at the 
London School of Hygiene. This new 
venture is being sponsored initially by the 
International Health Division of the 
Rockefeller Foundation. 

The syllabus will include a wide variety 
of subjects such as principles of public 
health engineering, statistics, statistical 
epidemiology, bacteriology, entomology, 
water supply and treatment, sewage and 
sewage treatment, health in industry, and 
tropical hygiene. 

All applications for full details about 
the course should be made to the Deputy 
Registrar, City and Guilds College, 
Exhibition Road, London, S.W.7. 


Obituary 


Dr. Fasrus Gross, who organised the 
research done in Scotland during the war 
to find out whether by the use of chemical 
fertilisers the fish population of limited 
areas of the sea could be increased, died on 
June 18 in Edinburgh, aged 44. A refugee 
from Nazi Germany, he came to Britain in 


1933, joined the zoology department of 


King’s College, London, and later went to 
Edinburgh University. In 1949 he became 
director of the Marine Biological Station 
of the University of Wales. (Readers will 
recall the article on the _ fish-farming 
experiments of Dr. Gross’s team published 
in Discovery, January 1947, pp. 6-9.) 


Fishing by Electricity 

RECENTLY we published a note on an 
electrical method of catching fish (January 
1950 issue, p. 29), which is being developed 
in Russia. The Germans are also work- 
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ing on this technique and The Times 
(16. 6. 1950) reports that the newest de- 
velopments in this direction were demon- 
strated at the Fishery Fair at Bremer- 
haven. According to this report, improve- 
ments on the cumbersome apparatus of a 
few years ago are raising hopes that it may 
be possible to extend the field of opera- 
tions to the deep sea, and experimental 
work to that end is in progress. ‘The 
system has proved so effective in fresh 
water that a close control is being exer- 
cised to guard against misuse. Under 
certain conditions an expert in electronics 
with a knowledge of fish habits can 
effectively clear a stream or lake of every 
fish” stated The Times. 


Valve that Cheats Gravity 


THE Hymatic Engineering Co. Ltd.'s 
design and development team in co- 
operation with the Royal Aircraft Estab- 
lishment, Farnborough, has now pro- 
duced an ‘Anti-G’ Valve which helps to 
neutralise the effects that stresses en- 
countered in high-speed flight cause in the 
human body. One of the principal factors 
limiting the performance of high-speed 
aircraft has been the inability of the 
aircrew to withstand the effects of the 
severe ‘“G’ loadings involved in violent 
manceuvres. Excessive loading drains the 
blood from the head, and may lead to a 
temporary loss of vision or even loss of con- 
sciousness; it also Causes a concentration 
of blood at the extremities of the limbs 
which involves considerable discomfort 
and difficulty of movement. 

The Hymatic ‘Anti-G’ valve, built into a 
special ‘Anti-G’ suit, enables the aircrew 
to retain their faculties unimpaired under 
a ‘G’ loading as heavy as the airframe 
itself can withstand. By matching the per- 
formance of man and machine in this way, 
therefore, the valve makes immediately 
possible an immense improvement in the 
all-round operational efficiency of high- 
speed aircraft. 

Working to requirements formulated by 
the Royal Aircraft Establishment, Hy- 
matic produced a prototype valve that 
controlled what was in effect a series of 
compressed air tourniquets, which, em- 
bodied in an ‘Anti-G’ suit, were applied 
progressively to various parts of the body 
as the ‘G’ loading became higher, thus 
preventing the blood draining away from 
the head and abdomen. The valve 
enabled the physiological and engineering 
departments and the Farnborough test 
pilots to develop a further specification for 
a valve suitable for use by service pilots 
under combat conditions. The instrument 
developed by Hymatic from this final 
specification constitutes an important 
advance in aeronautics and a major 
achievement in design and production 
technique. Built up into a small compact 
unit, it consists of 89 separate components 
precision-machined to extremely fine 
limits. 

The compressed air for operating the 
valve comes from high-pressure air storage 
bottles, either ground charged or supplied 
by the aircraft’s own Hymatic compressor. 

The valve is at present being tested in 
the de Havilland *Venom’ jet fighter. 
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The Members of 
The Amateur Entomologists’ Society 


@ Receive the monthly Bulletin @ May publish in the Bulletin 
their articles, notes, observations and queries @ Dispose of and 
acquire specimens, apparatus and books free through the ‘*Wants 
and Exchanges List’”’ @ Can get in touch with entomologists all 
over the country, and abroad, with the aid of the Membership List 
and Geographical Index @ Attend and exhibit at the Annual 
Exhibition @ Collect in company with fellow enthusiasts at Field 
Meetings @ Attend courses at the Field Centres of the Council 
for the Promotion of Field Studies @ Have the services of the 
Advisory Panel at their disposal @ Obtain most of the larger 
AES a at reduced prices in return for the Annual 
Subscription o 

10s. for Ordinary and Affiliate Members; 

5s. for Junior Members (under 18) 


Send for fuller details to the Society at 


Room 4, 1 WEST HAM LANE, LONDON, E.15 











FARADAY HOUSE ELECTRICAL ENGINEERING 
66, Southampton Row, W.C.1. 

A 4-year full-time course, which includes practical training 
with mechanical and electrical engineering firms, for the Faraday 
— _— which is accepted for Graduate Membership of 
the 1.E.E. 

For particulars apply Dept. E. 





UNIVERSITY OF LONDON 
DEPARTMENT OF EXTRA-MURAL STUDIES 


(University Extension Courses) 
VACATION SCHOOL IN GEOGRAPHY 


\ residential Field Course in Geography will be held at Juniper Hall, near 
Dorking, Surrey, from August 2nd to 16th, 1950. The course will consist of a 
regional study of the western half of the Weald, and has been planned so that 
students may attend either for both weeks or for one week. Physical structure, 
settlement, land utilisation and historical developments will be included in the 
scheme of study. The fee for tuition and board-residence is £4 10s. a week. 
Further particulars and forms of application may be obtained from the 
Director, Department of Extra-Mural Studies, Senate House, London, W.C.1. 





Ensure a regular copy of 


DISCOVERY 


by ordering direct from us 


SUBSCRIPTION RATES: 


Inland: 6 months 9s. 6d., 12 months 19s. 
Overseas rates are the same as Inland in 
Sterling areas. 


U.S.A.: 6 months $1.50, 12 months $3. 


eee eee eer ee eee ree eee eeeeeeseeeeeeeeseseeeeeeeeeseeeeeeeeeeeeeeeseeeeeseeeeeeeeeees 


To: Discovery, The Empire Press, Norwich, England. 
Please supply each month a copy of “Discovery” 
to the following address :— 
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for a period of six/twelve months, for which a 
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BASIC NAVAL ARCHITECTURE 
by K. C. BARNABY, O.B.E., B.Sc., M.I.N.A. 


‘This book should be not only of high value to young 
students of naval architecture but of great help to 
active practitioners who have allowed the theory of 
their art to become a little rusty or out of date.’”’— 
The Engineer. Illustrated. 42s. 


DREAM SHIPS 


by MAURICE GRIFFITHS, G.M., A.I.N.A. 


‘This is the best book for a long time. It is also a big 
book, wide in its scope and more generally informa- 
tive than most.’’— Yachts and Yachting. 
Illustrated. 


SCREW TUG DESIGN 
by A. CALDWELL, M.I.N.A., M.I.Mar.E. 


“‘We welcome this authoritative volume as a most 
valuable addition to existing ship-building literature, 
and we commend it to the serious attention of all 
who are engaged in the design, construction, opera- 
tion and maintenance of tugs.” —The Shiphuilder and 


2Is. 


Marine Engine-Builder. Illustrated. 18s. 
HUTCHINSON’S 


SCIENTIFIC & TECHNICAL PUBLICATIONS 
Hutchinson House, London, W.1. 

















PERFECT PHOTO COPIES 


WITHIN A FEW MINUTES 


8 
NO DARK ROOM 
NO LENS 
NO MISTAKES 





PARTICULARS FROM 


A. WEST & PARTNERS LTD. 


36, BROADWAY, LONDON, S.W.I 
TEL.: WHITEHALL 5677 
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Achievements 


of an Industry 


Genius for invention is inherent in the 


British people. In a previous series of an- 


nouncements— ‘‘Ancestors of an Industry’ 


I.C.l. told the story of Britain’s scientific 


pioneers from A.D. 1144. The present series 


is designed to describe some recent 


British chemical achievements, many of 


which have been the genesis of new 


products and processes which have given 
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fresh vigour to the _ nation’s industry, 
Such achievements have been sometimes the 
brilliant discoveries of inspired individuals, 
but are more often the work of teams of 
research chemists co-operating on a given 
task and working to a set plan. The announce: 
ments in this series are proof — if proof were 
needed — that the British spirit of initiative 
and enterprise is still alive. 
sop natch ode eats 


7 ed ee ~ 


* 


Lise! a p es 
at 
ic 

















: 
industry, i 
imes the 7 
i 


dividuals, 
teams of | 
a given 


announce. 





roof were 


initiative 


0 at 


a“ 
a; * 
< 


; 


«4 


VEN 
AZ 





